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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a cycloolefinic copolymer which is crosslinkable and capable of 
giving excellent properties in heat resistance, transparency, chemical resistance, solvent resistance, 
bonding and adhesion, its composite material, these erosslinked materials and optical materials using 
them. 

SOLUTION: The cycloolefinic copolymer obtained by addition polymerization of a cycfoolefin having 
specific crosslinkable functional groups and other cycloolefins, providing the weight average molecular 
weight of 3,000-1,500,000, the composite material prepared by compounding this copolymer with a specific 
metal oxide, these erosslinked materials and the optical materials using them are obtained. 
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JP,2002-293843 Machine Translation 

Claim(s)] 

[Claim 1]A cyclic olefin system copolymer whose polystyrene equivalent weight average 
molecular weights are 3,000-1,500,000 including a repeating unit (a) expressed with a following 
general formula (1), and a repeating unit (b) expressed with a following general formula (2). 
[Formula 1] 



Independently A 1 , A 2 , A 3 , and A 4 among [type (1), respectively A hydrogen atom, the 
hydrocarbon group of the carbon numbers 1-20, or, General formula-(CH 2 ) rO-C(O) 
CR 1= CR 2 R 3 or general formula-C (O) the functional group which is expressed with -0-(CH 2 ) *- 
0-C(0)-CR 1 =CR 2 R 3 and for which a bridge can be constructed. At least one of an example, A , 
A 2 , A 3 , and A 4 is a functional group in which the above-mentioned bridge construction is 
possible. Here, R 1 , R 2 , and R 3 show a hydrogen atom and the alkyl group of 1-10 independently, 
respectively, f shows the integer of 0-3 and g shows the integer of 1-3. p shows the integer of 0- 
3.] 

[Formula 2] 



B 1 , B 2 , B 3 , and B 4 among [type (2), respectively independently, A hydrogen atom, the alkyl 
group of the carbon numbers 1-20, a cycloalkyl group, an aryl group, an alkenyl group, a halogen 
atom, a halogenated hydrocarbon group, or the polar group expressed with -(CH2) q X is shown. 
X here -C(O) OR 4 , -OC(O) R 5 , Or it is -Si(OR 6 ) 3 -kR 7 k, The alkyl group of the carbon numbers 1- 
20, an aryl group, cycloalkyl groups or these halogenation groups, and R 6 of R 4 and R 5 are the 
alkyl groups, alkenyl groups, or aryl groups of the carbon numbers 1-10, R 7 is a halogen atom, 
an alkyl group of the carbon numbers 1-10, an alkenyl group, or an allyl group. B 1 and B 3 may 
be BINIRIDENIRU, imide, and carboxylic anhydride groups which combine with each other and 
are formed, q shows the integer of 0-3. k is an integer of 0-3. m shows the integer of 0 or 1. ] 
[Claim 2]The cyclic olefin system copolymer according to claim 1 including a repeating unit (c) 
expressed with a following general formula (3). 
- rCH 2 -CHR 8 ) - (3) 

R is a silyl group expressed with a hydrogen atom, an alkyl group of the carbon numbers i-8, an 
aryl group of the carbon numbers 6-15, or general formula-Si(R 9 ) t (R 10 ) 3 _ t among [type (3). R 9 
shows an alkyl group or an alkoxy group of the carbon numbers 1-5 here, and R 10 shows a 
halogen atom or a hydrogen atom, t is an integer of 0-3. ] 



[Claim 3]a repeating unit (a) shown by a general formula (1) - the inside of all the repeating 
units -- 0.1 - 30-mol % the cyclic olefin system copolymer according to claim 1 or 2 contained. 
[Claim 4]a repeating unit (b) whose at least one of B of a general formula (2), B 2 , B 3 , and B 4 is 
alkoxy silyl groups - the inside of all the repeating units - 0.1 - 20-mol % -- the cyclic olefin 
system copolymer according to claim 1 or 2 contained. 

[Claim 5]To claim 1 - a cyclic olefin system copolymer given in 4 any 1 paragraphs, silicon, A 
complex which blends a silicon oxide produced by carrying out hydrolysis condensation of an 
oxide of at least one sort of metal chosen from a group of aluminum, titanium, and a zirconium 
and/, or the alkoxy silane compound. 

[Claim 6] A bridging body over which claim 1 - a cyclic olefin system copolymer given in 4 any 
1 paragraphs, or the complex according to claim 5 was made to construct a bridge. 
[Claim 7] An optical material using claim 1 - a cyclic olefin system copolymer given in 4 any 1 
paragraphs, the complex according to claim 5, or the bridging body according to claim 6. 



[Translation done.] 
DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the cyclic olefin system copolymer which can 
construct a bridge. It is related with the suitable cyclic olefin system copolymer for the optical 
material which has the outstanding heat resistance, solvent resistance, and chemical resistance in 
more detail for which a bridge can be constructed, this complex, these bridging bodies, and the 
optical material using these. 
[0002] 

[Description of the Prior Art]In recent years, in fields, such as electronic parts and an optic, the 
conversion to transparent resin in which it is light and processing is easy from glass is 
progressing with the demand of a weight saving, and small size and densification. There are the 
strong points, like that it is easy to process it, that it can be hard to divide, and transparent resin 
as substitution of glass is light, and there is also a fault - heat resistance, endurance and 
chemical resistance, and dimensional stability are inferior. Therefore, improving these faults is 
called for. 

[0003]Transparency is optically made highly useful [ the addition polymer of cyclic olefin ] until 
now as an existing heat-resistant polymer, for example, the following patent is proposed. 
JP,03-205408,A JP,04-63807,A JP,07- 104474, A JP,09-508649,A JP,10-251343,A JP,10- 
182799,A WO -98/No. 20394 gazette WO-No. 97/20871 gazette WO-96/. The No. 37526 
gazette WO-No. 98/56839 gazette [0004]In [ it is supposed as an improvement means of heat 
resistance, chemical resistance, and dimensional stability that it is bridge construction-ization a 
leading means, and ] the following Patent Gazettes, The cyclic olefin system addition polymer 
which has an unsaturated bond of the hydrocarbon represented with (1) JP,03-205408,A with a 
vinyl group and a vinylidene group in a side chain as a cyclic olefin system polymer which can 
construct a bridge. 

(2) The cyclic olefin system addition polymer which has a substituent which consists of a 
conjugate double bond which contains an aromatic group in the WO-No. 96/37526 gazette in a 



side chain. 

(3) The cyclic olefin system addition polymer which contains alkoxy silyl groups in a side chain 
as a representative in WO 98/No. 56839 gazette, WO 97/No. 20871 gazette, and WO 98/No. 
20394 gazette. The cyclic olefin system polymer in which alkoxy silyl groups was introduced by 
the grafting reaction in JP,07- 104474, A. 

(4) The cyclic olefin system polymer by which epoxy denaturation was carried out in JP,10- 
182799,A and JP,10-251343,A. **** is indicated. 

[0005]However, in the unsaturation bond groups which consists of hydrocarbon, such as a vinyl 
group as a reactive site which can construct a bridge, and a vinylidene group, in order to 
construct a bridge, many initiator compounds which are disassembled with heat, light, etc. and a 
radical generates are necessities. In the case of alkoxy silyl groups, the acid generator etc. which 
are disassembled with additive agents, such as water, acid, organic tin, and aluminum diketone, a 
catalyst, or light are required. In the use fields an optical material, for electronic industry 
materials, etc., things which are not included as much as possible in a polymer, such as a volatile 
impurity and a catalyst metal residue, are searched for. Therefore, even if the functional group as 
a reactive site which can construct a bridge works effectively and faces bridge construction, it is 
called for that a bridge is constructed by the method of not using these using the additive agent of 
the smallest possible quantity, a catalyst, etc. 
[0006] 

[Problem(s) to be Solved by the Invention]An object of this invention is to provide the cyclic 
olefin system copolymer which was made in view of the above-mentioned problem, and gives 
outstanding heat resistance, transparency, chemical resistance, solvent resistance, and adhesion 
and adhesion and for which a bridge can be constructed, its complex, and its bridging body. The 
cyclic olefin system copolymer over which the bridge was constructed aims at providing the 
impurity for bridge construction as much as possible, and the bridging body which does not 
contain a residue. 
[0007] 

[Means for Solving the Problem]This invention relates to a cyclic olefin system copolymer 
whose polystyrene equivalent weight average molecular weights are 3,000-1,500,000 including a 
repeating unit (a) expressed with a following general formula (1), and a repeating unit (b) 
expressed with a following general formula (2). 
[0008] 
[Formula 3] 



[0009] Independently A 1 , A 2 , A 3 , and A 4 among [type (1), respectively A hydrogen atom, the 
hydrocarbon group of the carbon numbers 1-20, or, General formula-(CH2) rO-C(O) 
CR 1= CR 2 R 3 or general formula-C (O) the functional group which is expressed with -0-(CH 2 ) g- 
0-C(0)-CR 1 =CR 2 R 3 and for which a bridge can be constructed. At least one of an example, A , 
A 2 , A 3 , and A 4 is a functional group in which the above-mentioned bridge construction is 
possible. Here, R 1 , R 2 , and R 3 show a hydrogen atom and the alkyl group of 1-10 independently, 



respectively, f shows the integer of 0-3 and g shows the integer of 1-3. p shows the integer of 0- 
3.] 

[0010] 
[Formula 4] 



[001 l]B l , B 2 , B 3 , and B 4 among [type (2), respectively independently, A hydrogen atom, the 
alkyl group of the carbon numbers 1-20, a cycloalkyl group, an aryl group, an alkenyl group, a 
halogen atom, a halogenated hydrocarbon group, or the polar group expressed with -(CH 2 ) q X is 
shown. X here -C(O) OR 4 , -OC(O) R 5 , Or it is -Si(OR 6 ) 3 - k R 7 k , The alkyl group of the carbon 
numbers 1-20, an aryl group, cycloalkyl groups or these halogenation groups, and R 6 of R 4 and 
R are the alkyl groups, alkenyl groups, or aryl groups of the carbon numbers 1-10, R 7 is a 
halogen atom, an alkyl group of the carbon numbers 1-10, an alkenyl group, or an allyl group. It 
may be BINIRIDENIRU, imide, and carboxylic anhydride groups which are formed by B 1 and 
B 3 . q shows the integer of 0-3. k is an integer of 0-3. m shows the integer of 0 or 1. ] Here, the 
above-mentioned cyclic olefin system copolymer may include the repeating unit (c) further 
expressed with a following general formula (3). 
- (CH 2 -CHR 8 ) - (3) 

R is a silyl group expressed with a hydrogen atom, an alkyl group of the carbon numbers 1-8, an 
aryl group of the carbon numbers 6-15, or general formula-Si(R 9 ) t (R 10 ) 3 . t among [type (3). R* 
shows an alkyl group or an alkoxy group of the carbon numbers 1-5 here, and R 10 shows a 
halogen atom or a hydrogen atom, t is an integer of 0-3. ] - a repeating unit (a) shown again by a 
general formula (1) which constitutes the above-mentioned cyclic olefin system copolymer - the 
inside of all the repeating units - 0. 1 - 30-mol % - what is contained is preferred, a repeating 
unit (b) whose at least one of B 1 of a general foimula (2) which constitutes the above-mentioned 
cyclic olefin system copolymer, B 2 , B 3 , and B 4 is alkoxy silyl groups - the inside of all the 
repeating units - 0.1 - 20-mol % - what is contained is preferred. A silicon oxide produced by 
carrying out hydrolysis condensation of an oxide of at least one sort of metal chosen from a 
group of silicon, aluminum, titanium, and a zirconium and/, or the alkoxy silane compound is 
blended with a cyclic olefin system copolymer of this invention, and it is good for it also as a 
complex. Next, this invention relates to a bridging body over which make the above-mentioned 
cyclic olefin system copolymer or the above-mentioned complex come to construct a bridge. 
Next, this invention relates to an optical material which used the above-mentioned cyclic olefin 
system copolymer, the above-mentioned complex, or the above-mentioned bridging body 
[0012] 

[Embodiment of the Invention] An embodiment of the invention is described concretely below. A 
cyclic olefin system copolymer including the repeating unit (b) shown in the repeating unit (a) 
which shows the cyclic olefin system copolymer of this invention in a general formula (1), and a 
general formula (2), Or it is a cyclic olefin system copolymer including the repeating unit (c) 
shown by the repeating unit (a) shown in a general formula (1), the repeating unit (b) shown in a 
general formula (2), and a general formula (3). 



[0013]The repeating unit (a) shown by a general formula (1) can be formed by the addition 
condensation of the cyclic olefin (henceforth "specific cyclic olefin (1)") shown in a following 
general formula (4). 
[0014] 
[Formula 5] 



[00 15] A 1 , A 2 , A 3 5 A 4 , and p are the same as what is shown in a formula (1) among [type (4). ] 
the cyclic olefin system copolymer of this invention the rate of a repeating unit (a) - 0.1 - 30- 
mol % - if contained, bridge construction will become possible easily with light and heat. 
Storage stability comes to be inferior, when the rate becomes difficult to require bridge 
construction at less than 0.1% and exceeds 30-mol % on the other hand. The percentages of a 
repeating unit (a) are 0.5 - 10-mol % preferably. 

[00 16] A little 2 and 7 addition structural units other than 2 and 3 addition structural unit which 
were shown in a general formula (1) may be included in a repeating unit (a) of this invention. 
[0017]As an example of specific cyclic olefin (1), Acrylic acid 2-(5-NORUBORUNENIRU) 
methyl (another name: ester of 2-hydroxymethyl-5-norbornene and acrylic acid), Acrylic acid 2- 
(3-methyl-5-NORUBORUNENIRU) methyl, acrylic acid 2-(3-ethyl-5-NORUBORUNENIRU) 
methyl, Methacrylic acid 2-(5-NORUBORUNENIRU) methyl, acrylic acid 2-(5- 
NORUBORUNENIRU) ethyl, Methacrylic acid 2-(5-NORUBORUNENIRU) ethyl, acrylic acid 
5-NORUBORUNENIRU, Acrylic acid 2-methyl-5-NORUBORUNENIRU, methacrylic acid 5- 
NORUB ORUNENIRU, Methacrylic acid 2-methyl-5-NORUBORUNENIRU, acrylic acid 3-(3- 
methyl-8-tetracyclo [4.4.0. 1 2 ' 5 .! 7 ' 3 ™ 110 ] dodecenyl) methyl, Acrylic acid 3-(8-tetracyclo 
[4.4.0. I 2 ' 5 . 1 7 ' 10 ] dodecenyl) methylmethacrylic acid 3-(3-methyl-8-tetracyclo [4.4.0. 1 2 ' 5 .1 7 ' 10 ] 
dodecenyl) methyl, Methacrylic acid 3-(8-tetracyclo [4.4.0. 1 2 ' 5 . 1 T 10 ] dodecenyl) methyl, 
Acrylic acid 3- (3-methyl-8-tetracyclo [4.4.0. 1 2 ' 5 .1 7 ' md 10 ] dodecenyl), Acrylic acid 3- (8- 
tetracyclo [4.4.0. 1 2 ' 5 .1 7 * l0 ] dodecenyl), Methacrylic acid 3- (3-methyl-8-tetracyclo [4.4.0. 1 2 ' 5 .1 7 ' 
10 ] dodecenyl), methacrylic acid 3 - (8-tetracyclo [4.4.0. 1 2> 5 . 1 7 ' 10 ] dodecenyl) 
Crotonic acid 2-(5-NORUBONENIRU) methyl, crotonic acid 3- (3-methyl-8-tetracyclo [4.4.0.1 2 ' 
A ,an ] dodecenyl), 2-hydroxyethyl acrylate and ester of 5-norbornene 2-carboxylic acid, 2- 
hydroxyethyl methacrylate and ester of 5-norbornene 2-carboxylic acid, 2-hydroxyethyl acrylate 
and ester of 2-methyl-5-norbornene 2-carboxylic acid, 2-hydroxyethyl methacrylate and ester of 
2-methyl-5-norbornene 2-carboxylic acid, 2-hydroxypropyl acrylate and ester of 5-norbornene 2- 
carboxylic acid, Ester of 2-hydroxypropyl methacrylate and 5-norbornene 2-carboxylic acid, 
Ester of 2-hydroxypropyl acrylate, ester of 2-methyl-5-norbornene 2-carboxylic acid and 2- 
hydroxypropyl methacrylate, and 2-methyl-5-norboraene 2-carboxylic acid, etc. are mentioned. 
[00 18] A repeating unit (b) shown by a general formula (2) can be formed by addition 
condensation of cyclic olefin (henceforth "specific cyclic olefin (2)") shown in a following 
general formula (5). 
[0019] 
[Formula 6] 



[0020]B\ B 2 , B 3 , B 4 , and m are the same as that of a formula (2) among [type (5). ] 
At least one of B l of the general formula (2) which constitutes the cyclic olefin system 
copolymer of this invention, B 2 , B 3 , and B 4 the repeating unit (b) which is alkoxy silyl groups, 
the inside of all the repeating units — 0.1-20-mol % — in order that what is contained may 
distribute the condensation product of a metallic oxide or an alkoxy silane compound micro and 
may consider it as the high complex of transparency optically, it is desirable in order to improve 
an adhesive property with other members. It is 0.5-1 0-mol % preferably. 
[0021] As an example of specific cyclic olefin (2), 2-norbornene, 5-methyl-2-norbornene, 5- 
ethyl-2-norbornene, 5-propyi-2-norbornene, 5-butyl-2-norbornene, 5-pentyl-2-norbornene, 5- 
hexyl-2-norbornene, 5-heptyl-2-norbornene, 5-octyl-2-norbornene, 5-decyl-2-norbornene, 5- 
dodecyl-2-norbornene, 5,6-dimethyl- 2-norbornene, 5-methyl-5-ethyl-2-norbornene, 5-phenyl-2- 
norbornene, 5-vinyl-2-norbornene, 5-allyl-2-norbornene, 5-isopropylidene-2-norbornene, 5- 
ethylidene-2-norbornene, 5-cyclohexyl-2-norbornene, 5-cyclohexenyl 2-norbornene, 5-indenyl 
2-norbornene, 5,6-Indang 2-norbornene, 5-fluoro-2-norbornene, 5-chloro-2-norbornene and 5- 
norbornene 2-methyl carboxylic acid, 5-norbornene 2-carboxylic acid ethyl, 5-norbornene 2- 
carboxylic acid butyl, 2-methyl-5-norbornene 2-methyl carboxylic acid, 2-methyl-5-norbornene 
2-carboxylic acid ethyl, 2-methyl-5-norbornene 2-carboxylic acid propyl, 2-methy 1-5 -norbornene 
2-carboxylic acid butyl, 2-methyl-5-norbornene 2-carboxylic acid trifluoroethyl, 2-methyl-5- 
norbornene 2-yl ethyl acetate, 5-trimethoxysilyl 2-norbornene, 5-dimethoxy chlorosilyl 2- 
norbornene, 5-methoxy chloromethyl silyl 2-norbornene, 5-dimethoxy chlorosilyl 2-norbornene, 
5-methoxy hydride methylsilyl 2-norbornene, 5-dimethoxy hydride silyl 2-norbornene, 5- 
methoxy dimethylsilyl 2-norbornene, 5-triethoxy silyl 2-norbornene, 5-diethoxy chlorosilyl 2- 
norbornene, 5-ethoxy chloromethyl silyl 2-norbornene, 5-diethoxy hydride silyl 2-norbornene, 5- 
ethoxy dimethylsilyl 2-norbornene, 5-ethoxydiethylsilyl 2-norbornene, 5-propoxy dimethylsilyl 
2-norbornene, 5-triphenoxy silyl 2-norbornene, 5-diphenoxymethylsilyl 2-norbornene, 5- 
trimethoxysilyl methyl-2-norbornene, 5-(2-trimethoxysilyl) ethyl-2-norbornene, 5-(2-dimethoxy, 
chlorosilyl) ethyl-2-norbornene, 5-(l-trimethoxysilyl) ethyl-2-norbornene, 5-(2-trimethoxysilyl) 
propyl-2-norbornene, 5-(l-trimethoxysilyl) propyl-2 -norbornene, 5-triethoxy silyl ethyl-2- 
norbornene, 5-dimethoxymethylsilylmethyl-2-norbornene, 5-trimethoxy propylsilyl 2- 
norbornene, 5-norbornene 2-carboxylic acid trimethoxysilylpropyl, 5-norbornene 2-carboxylic 
acid triethoxy silyl propyl, 5-norbornene 2-carboxylic acid dimethoxy, methylsililpropyl, 2- 
methyl-5-norbornene 2-carboxylic acid trimethoxysilylpropyl, 2-methyl-5-norboraene 2- 
carboxylic acid dimethoxy, methylpropyl, 2-methy 1-5 -norbornene 2-carboxylic acid triethoxy 
silyl propyl, 5-norbornene 2,3-dimethyl dicarboxylate, 5-norbornene 2,3-diethyl dicarboxylate, 
the 5-norbornene 2, 3-carboxylic anhydride, N-phenyl-5-norbornene 2,3-carvoneimide, N- 
cyclohexyl-5-norbornene 2,3-carvoneimide, 3-tricyclo [4.3.0.1 2 * 5 ] decene, 4.3.0. l 2 ' 3,7 ^ 01 ^ 5 ] 
decadiene (dicyclopentadiene), 3-tetracyclo [4.4.0. 1 2 ' 5 .1 7 ' 10 ] dodecen, 4.4.0.1 2, 5 ^' 8 " mcthy1 ' 3 " ^ 
tetracyclo [lOj dodeceri5 8-methyl-8-carboxymethyl, 3-tetracyclo [4.4.0.1 2 * 5 1 7 ' 10 ] dodecen, 8-methyl- 
8-carboxyethyl, 4.4.0. 1 2 ' 5 1 7 ' 3 - tetrac y c, ° f 10 ] dodecen, etc. can be mentioned. 
[0022] A repeating unit (c) shown by a general formula (3) constituted with a repeating unit (b) 



shown by repeating unit (a) shown by a general formula (1) and a general formula (2) is formed 
by carrying out addition copolymerization of "the specific alpha olefin." 

[0023]As an example of specific alpha olefin, ethylene, propylene, 1-butene, 1-hexene, 1-octene, 
styrene, p-methylstyrene, o-methylstyrene, Although trimethylsilyl ethylene, triethyl silyl 
ethylene, trichlorosilyl ethylene, dimethyl chlorosilyl ethylene, methyldichlorosilylethylene, 
triethoxy silyl ethylene, tripropoxy silylethylene, etc. are mentioned, Ethylene, styrene, and p- 
methylstyrene are preferred in these. 

[0024] A copolymerization method of a copolymerization method of specific cyclic olefin (1) of 
this invention and specific cyclic olefin (2) or cyclic olefin (1) and cyclic olefin (2), and specific 
alpha olefin is performed by a following method. 

[0025] As a typical polymerization catalyst, [Pd(CH 3 CN) 4 ] and [BF 4 ] 2 , [Pd(PhCN) 4 ] [SbF 6 ] di- 
mu-chloro-bis(6-methoxy bicyclo[2.2.1]hept 2-ene-, andsigma [ 5 ], 2pi)Pd (it abbreviates to "I" 
hereafter.), and methylalumoxane (it abbreviates to "MAO" hereafter.) 

I, AgSbF 6 and I, AgBF 4 , [(eta 3 -aryl) PdCl] 2 and AgSbF 6 , [(eta 3 -aryl) PdCl] 2 and AgBF 4 , [(eta 3 - 
clo chill) Pd (cyclo-octadiene)], [PF 6 ], [. (1, 5-cyclo-octadiene) Pd. (CH 3 ) (CI)], PPh 3 , NaB[3 and 
5-(CF 3 ) 2 C 6 H 3 ] 4 [(eta 3 -clo chill) nickel (cyclo-octadiene)], [B(CF 3 ) ( 2 C 6 HU) 4 ] 
[NiBr (NPMe 3 )] 4 , MAO, nickel(octoate) 2 and MAO, nickel(octoate) 2 , B(C 6 F 5 ) 3 , and AlEt 3 , 
nickel(octoate) 2 , a reactant of HSbF6, BF 3 and Et 2 0, and AlEt 3 , nickel. (Octoate) 2 . A reactant of 
HSbF6. A reactant and AlEtF 2 nickel of BF 3 and Et 2 0, reactant nickel(octoate) 2 of AlEt 3 , a 
reactant of HSbFe, AlEt 2 FNi(octoate) 2 , and HSbF6. (Naphthoate) Reactant nickel of 2 , a reactant 
of HSbF 6 , BF 3 and Et 2 0, AlBu 3 nickel(naphthoate) 2 , a reactant of HSbF 6 , B(C 6 F 5 ) 3 , and AlEt 3 . 
(Octoate) 2 , Ph 3 C-B(C 6 F 5 ) 3 , and AlEt 3 , Bis[N-. (3-tert-butylsalicylidene) 
phenylaminato]nickel(II), Ph 3 CB(C6F 5 ) 4 , and AlBu 3 Bis[N- (3-tert-butylsalicylidene). 
phenylaminato]nickel(II) and MAO, nickel[PhC. (O) CHPPh 2 ]. (Ph). (PPh 3 ) nickel[OC. (O) 
(C 6 H4) PPh 2 ](H) (PPh 3 ) nickel(COD) 2 and PPh 3 =CHC(0) Ph[(ArN=CHC 6 H 3 (0) (Anth)] 
(Ph)(PPh 3 ) nickel (here)) Ar: 2, 6-(Pr) 2 C 6 H 3 , Pnisopropyl, Anth:9-anthracene 
Toluene-nickel(C6F 5 ) 2 , [PPh 2 CH 2 C(Q) Ph] nickel(C6F 5 ) 2 , A compound etc. which form a 
complex or cation complexes, such as nickel of periodic table 8 fellows, such as Co (neo 
decanoate) and MAO, Pd, and Co, are mentioned. 

[0026]As a solvent, alicyclic hydrocarbon solvents, such as cyclohexane, cyclopentane, and 
methylcyclopentane, Aliphatic hydrocarbon solvents, such as pentane, hexane, heptane, and 
octane, Aromatic hydrocarbon solvents, such as toluene, benzene, and xylene, dichloromethane, 
Halogenated hydrocarbon solvents, such as 1,2-dichloroethylene and chlorobenzene, Ethyl 
acetate, butyl acetate, gamma-butyrolactone, propylene glycol, A solvent chosen from polar 
solvents, such as wood ether, nitromethane, N-methyl pyrrolidone, pyridine, N, N 1 - 
dimethylimidazolidinone, dimethylformamide, and an acetamide, etc. is used. 
[0027] As the method of a polymerization, a monomer and a molecular weight modifier which 
become a reaction vessel from a solvent and cyclic olefin under nitrogen or argon atmosphere are 
taught, and a polymerization system is set as temperature of the range of -20 ** - 100 **. Next, 
the above-mentioned catalyst component is added and it polymerizes in -20 ** - 100 **. A 
weight ratio of a solvent/monomer is performed in 1-20. Regulation of a molecular weight is 
adjusted by the target molecular weight with an inversion rate and polymerization temperature to 
quantity of a polymerization catalyst, an addition of molecular weight modifiers, such as alpha 
olefin, hydrogen, and a diphenyl dihydrosilane, and a polymer. A stop of a polymerization is 
performed by compound chosen from water, alcohol, organic acid, carbon dioxide, etc. The 
water/alcoholic mixture of acid chosen as a polymer solution from organic carboxylic acid, such 



as lactic acid and oxalic acid, are added, and a catalyst residue is separated and removed from a 
polymer solution. A polymer is obtained by putting a polymer solution in alcohol chosen from 
methanol, ethanol, isopropanol, etc., solidifying it, and carrying out reduced pressure drying. At 
this process, an unreacted monomer which remains in a polymer solution is also removed. 
[0028] A molecular weight of a cyclic olefin system copolymer of this invention, o- 
dichlorobenzene. a number average molecular weight of polystyrene conversion measured by a 
gel permeation chromatography used as a solvent — 2,000-1,000,000, and weight average 
molecular weight -- 3,000-1,500,000 - desirable -- a number average molecular weight — 
10,000-700,000. Weight average molecular weight is 20,000-1,000,000. Disruptive strength 
when a number average molecular weight uses less than 2,000 and weight average molecular 
weight considers it as a film, a thin film, and a sheet by less than 3,000 becomes insufficient in 
many cases. On the other hand, if a number average molecular weight exceeds 1,000,000 and 
weight average molecular weight exceeds 1,500,000, the molding workability of a sheet and a 
film will fall, or solution viscosity will become high at the time of film production of a cast film, 
and handling will become difficult. 

[0029]glass transition temperature of a cyclic olefin system copolymer of this invention is called 
for with peak temperature of temperature distribution of Tandelta (a storage modulus — E — ' — a 
loss modulus - E - " — Tan - delta=E — " - /-- E — ') measured by dynamic viscoelasticity. 
120-400 ** of glass transition temperature [ 200-370 ** of ] of a cyclic olefin system copolymer 
of this invention is 250-350 ** especially preferably still more preferably preferably. When glass 
transition temperature carries out liquid crystal group board formation in less than 120 ** at a 
film or a sheet shaped, heat resistance is insufficient, heat modification takes place, and it is not 
desirable. Since disassembly of a copolymer takes place on the other hand when performing 
processing in an elevated temperature, and crosslinking reaction, if glass transition temperature 
exceeds 400 **, it is not desirable. A repeating unit (a) in a copolymer of this invention, For 
example, by an infrared absorption spectrum, can check by absorption of carbonyl (C=0) of a 
contiguity double bond of 1725-1735-cm" 1 , etc., and with a nuclear magnetic resonance spectrum 
( ! H-NMR). The structure can be checked from a peak of a proton of a carbon atom substituent of 
a 5.4-6.9 ppm C=C double bond. A rate of a repeating unit (a) in a copolymer can be searched 
for by ^-NMR from a ratio of absorption of a 0.9-3.0 ppm proton, and absorption of a proton of 
a carbon atom substituent of a 5.4-6.9 ppm C=C double bond originating in all the norbornene 
structures. 

[0030]In a cyclic olefin system copolymer of this invention, 2,6-di-tert-butyl-4-methylphenol, 
4,4-thiobis- (6-t-butyl-3-methyl phenol), l,r-bis(4-hydroxyphenyl)cyclohexane, 2,2'- 
methylenebis (4-ethyl-6-t-butylphenol), Phenol systems, such as 2,5-di-t-butylhydroquinone and 
pentaerythrityl tetrakis [3-(3,5-di-t-butyl-4-hydroxyphenyl) propionate, To a hydroquinone 
system antioxidant pan, tris (4-methoxy-3,5-diphenyl) phosphite, Tris (nonylphenyl) phosphite, 
The Lynn system antioxidants, such as tris (2,4-di-t-buthylphenyl) phosphite bis(2,6-di-t-butyl-4- 
methylphenyl)PENTAERI stole diphosphate bis(2,4-di-tert-butylphenyl) 
pentaerythritoldiphosphite, are added, Oxidation stability can be raised. 
[0031] An oxide of at least one sort of metal chosen as a cyclic olefin system copolymer of this 
invention from a group of silicon, aluminum, titanium, and a zirconium, And a silicon oxide 
(these are also hereafter called "metallic oxide") produced by carrying out hydrolysis 
condensation of/or the alkoxy silane compound is blended, and it is good also as a complex. 
[0032] As the above-mentioned complex, to a cyclic olefin system copolymer of above- 
mentioned this invention, the shape of colloidal one, It can also be considered as a complex 



which mixed the surface with what denaturalized by acrylic ester which has alkoxy silyl groups 
for metallic oxides, such as silica, alumina, and a titania, or methacrylic acid ester, and a metallic 
oxide distributed micro in a copolymer and for which a bridge can be constructed. 
[003 3] A complex which a metallic oxide distributed micro in a copolymer and for which a 
bridge can be constructed is obtained without carrying out surface denaturation of the above- 
mentioned metallic oxide, when a cyclic olefin system copolymer of this invention contains 
alkoxy silyl groups. 

[0034]furthermore - as the above-mentioned complex the inside of a copolymer of this 
invention - alcoholic salts, such as Si, aluminum, Ti, and Zr, and an aryl salt — for example, A 
tetramethoxy silane, a tetraethoxysilane, methyl trimetoxysilane, methyl triethoxysilane, 
trimethoxy aluminum, and TORIE - an ibis - sial minium. By solution states, after mixing, 
catalysts, such as compounds, such as Sn, Ti, Zr, Y, and aluminum, and ** HC1 and HF, are 
used, and a hybrid complex which can construct a bridge with hydrolysis and a "sol-gel method" 
which carries out a polycondensation is obtained in tetraethoxytitanium, tetraethoxy zircon, etc. 
When 100 nm or less of these inorganic particles are preferably distributed by particle diameter 
of 10 nm or less in a copolymer, it becomes the complex heat resistance and whose dimensional 
stability improved by optical transparence. 

[0035]In a complex of this invention, loadings of the above-mentioned metallic oxide are usually 
five to 30 weight section preferably three to 50 weight section to cyclic olefin system copolymer 
100 weight section of this invention. 

[0036] A cyclic olefin system copolymer (or complex) of this invention, With an extruder, 
directly, can also consider it as a film and a sheet thin film, and, dissolve a copolymer (complex) 
in a solvent chosen from polar solvents, such as a hydrocarbon solvent, a halogenated 
hydrocarbon solvent, ketone, ether, ester, amine, amide, and urea, and pass casting and an 
evaporation process — optics — it can be made a transparent film and a sheet. A copolymer 
(complex) can also be fabricated and processed at a film and a sheet, evaporating a solvent with 
an extruder, after swelling a copolymer (complex) to these solvents. 

[0037]A cyclic olefin system copolymer of this invention, Or in order for the complex to be able 
to construct a bridge with activity energy lines, such as light or an electron beam, and to promote 
bridge construction, Sensitizers, such as aromatic compounds, an aromatic carbonyl compound, 
and aromatic thiocarbonyl compounds, an organic and inorganic peroxide, a sulfide compound, a 
diazo compound, thiol compounds, etc. can be added in small quantities. As a light source used 
for bridge construction, light whose wavelength is 250 nm - 450 nm is used. Temperature is 0- 
150 ** and time of a cross-linking condition is 1 to 300 minutes. 

[0038]A cyclic olefin system copolymer of this invention, its complex, and these bridging 
bodies, since it has outstanding optical transparency, heat resistance, and adhesion and adhesion - 
- optics (optical material), such as a light guide plate, a polarization film, a liquid crystal panel, a 
phase difference film, a transparent conductive film, an OHP film, an optical disc, an optical 
fiber, and a lens, and electronic parts - it is further used for a medical care container, a container, 
etc. 

[0039] A cyclic olefin system copolymer (complex) of this invention, Since it has outstanding 
optical transparency, heat resistance, an adhesive property, and adhesion, a hydride and an 
addition (**) polymer of a conventionally publicly known norbornene system ring breakage (**) 
polymer, for example, JP,61-29260,A and JP,60-16870,A. JP,60-26024,A, JP,2-5151 1,A, JP,1- 
132625,A, JP,1-132626,A, JP,4-202404,A, JP,4-63807,A, JP,8-198919,A, the Patent Publication 
Heisei No. 508649 [ nine to ] gazette, the Patent Publication Heisei No. 505880 [ 1 1 to ] gazette, 



JP,61 -29260 1,A etc. can be blended and a thermoplastic polymer composition, nothing, 
outstanding heat resistance, an optical property (transparency, low birefringence), and adhesion 
and adhesion can be given. 

[0040]In such a thermoplastic polymer composition, although a blending ratio of a cyclic olefin 
system copolymer of this invention and other polymers (**) is suitably chosen according to a 
kind of a cyclic olefin system copolymer of this invention, and other polymers (**), both 
compatibility, and the purpose of using a constituent, In order to obtain a polymer composition 
which has the outstanding heat resistance, a rate of a cyclic olefin system copolymer of this 
invention is 20 to 80 % of the weight still more preferably ten to 90% of the weight preferably 
five to 95% of the weight. 

[0041]Such a thermoplastic polymer composition is obtained mechanical mixing which uses an 
extruder, a Banbury mixer, a kneader, a roll mill, etc., and by melting in a solvent and carrying 
out a solution blend. A film, a sheet, and a thin film can be obtained from such a thermoplastic 
polymer composition as well as a case of a cyclic olefin system copolymer of this invention. 
[0042] 

[Example]Hereafter, although an example explains this invention still more concretely, this 
invention does not receive restriction at all according to these examples. A molecular weight, 
glass transition temperature, a refractive index, glass transition temperature, a coefficient of 
linear expansion, water absorption, and adhesion and adhesion were measured by the following 
method. 

[0043](1) Weight average molecular weight, a number average molecular weight : it measured at 
120 ** by using o-dichlorobenzene as a solvent using H type column by TOSOH CORP. with 
the product 150C type gel-permeation-chromatography (GPC) device made by UOTAZU 
(WATERS). The obtained molecular weight is a standard polystyrene reduced property. 

(2) Total light transmittance : based on ASTM-D1003, the 100-micrometer-thick film was used 
and total light transmittance was measured. 

(3) Peak temperature of Tandelta (glass transition temperature) : Tandelta (ratio E"/E'=Tandelta 
of storage-modulus E' and loss-modulus E") of dynamic viscoelasticity was measured, and peak 
temperature of the temperature distribution was made into the glass transition temperature of a 
copolymer. The test frequency performed measurement of dynamic viscoelasticity using LEO 
Vibron DDV-01FP (product made from a cage ene tech) on the conditions whose single 
waveform and excitation amplitude is 10 Hz and a part for /and whose 4 ** excitation modes a 
heating rate is 2.5 micrometers. 

Coefficient of linear expansion : (4) TMA (Thermal Mechanical Analysis) / SS6100 (made by 
the SEIKO instrument company) are used, After having fixed in the distance between zippers of 
10 mm, once carrying out temperature up of the sample 100 micrometers of thickness, 3 mm in 
width, and 10 cm in length from a room temperature to about 200 ** and taking a residual strain, 
temperature up was carried out by 3 ** / min. from the room temperature, and the coefficient of 
linear expansion was calculated from the elongation of the distance between zippers. 
(5) Water absorption : after making it immersed in underwater [ 23 ** ] for 24 hours, water 
absorption was searched for from the weight change before and behind immersion. 
An adhesive property and adhesion : (6) Vapor-deposit aluminum to a specimen (10 cm x 10 
cm), and to this vacuum evaporation film by a cutter. The squares (1 mm x 1 mm) put in slitting, 
did the friction test by a cellophane tape, and measured ten pieces x the ten number of the blocks 
in 25 blocks which exfoliated so that it might be formed. 

[0044]The synthetic example 1 [Composition of acrylic acid 2-(5-NORUBORUNENIRU) 



methyl] 

50 g (0.403 mol) of 5-hydroxymethyl-2-norbornene and 39.2 ml (0.483 mol) of acrylic acid 
chloride are added to 370 ml of methylene chlorides in a 500-ml resisting pressure crow 
container and under a nitrogen atmosphere, Furthermore, it is triethylamine. 84.3 ml (0.605 mol) 
was added and it was made to react at 25 ** for 3 hours. Then, it flowed into the hydrochloric 
acid aqueous solution, the aqueous phase was neutralized by sodium carbonate, and the organic 
phase was separated by the separating funnel. 75 mg of pentaerythrityl tetrakis [3-(3,5-di-t-butyl- 
4-hydroxyphenyl) propionate] which is polymerization inhibitor was added, and it distilled under 
55 ** and 5mmHg. 47 g was obtained for acrylic acid 2-(5-NORUBONENIRU) methyl. (65% of 
yield) 

[0045]Example 1 [Composition of the copolymer of 2-norbornene and acrylic acid 2-(5- 
NORUBORUNENIRU) methyl] 

Toluene with a moisture of 5 ppm under a nitrogen atmosphere to a 300-ml pressure bottle 100 
ml, 2-norbornene 90mmol. and acrylic acid 2-(5-NORUBORUNENIRU) methyl lOmmol. are 
taught, Antimony hexafluoride acid (HSbF6) and octanoic acid nickel (nickel(oct) 2) at -30 ** 
beforehand, The denaturation octanoic acid nickel (HSbF6/nickel(oct) r^\2 mole ratio) made to 
react 0.04 mg-equivalent nickel, It added in order of trifluoride boron and ethyl ether complex 
0.36mmol. triethylaluminum 0.40mmol., and the polymerization was performed at 30 ** for 2 
hours. After adding to the above-mentioned copolymer solution and making 4 ml of isopropanols 
[ 60 ** of ] containing lactic acid 4mmoL react to it for 30 minutes, it put into 600 ml of water, 
and it stirred, and settlement separation was carried out and the decatalyst was performed from 
the copolymer solution. Then, the copolymer solution was put into 1,000 ml of isopropanol, and 
was solidified, the unreacted monomer was removed, 80 ** of copolymers were dried for 10 
hours, and the white powder 4.7g was obtained. The inversion rate to the copolymer of a 
monomer was 46%. 

[0046]Analysis of a copolymer :. - The CH 2 = proton 5.4 of the CH 2 =CH-CO-0-substituent 
originating in the 0.9-3.0 ppm proton peak and acrylic acid 2-(5-NORUBORUNENIRU) methyl 
originating in the norbornene structure measured by the presentation of 270 MHz of a 
copolymer, and ^-NMR. - the percentage of the structural unit which originates in acrylic acid 
2-(5-NORUBORUNENIRU) methyl from 6.5 ppm was 3.2-mol %. The 5.0-5.3 ppm proton of 
the -CH=CH-structure generated by the ring opening polymerization of norbornene structure was 
not observed. The ^-NMR chart of the obtained copolymer is shown in drawing 1 . 

- Qualitative analysis of a functional group : the characteristic absorption of the ester group of 
1,727-cm' 1 by CH2=CH-CO-0- and the characteristic absorption of 1,636-cm" 1 by C^C were 
observed with the infrared absorption spectrum. The infrared absorption spectrum of the 
obtained copolymer is shown in drawing 2 . 

- Molecular weight : the number average molecular weight of the standard polystyrene 
conversion measured by GPC was 108,000, and weight average molecular weight was 233,000. 

- Glass transition temperature : the peak temperature (glass transition temperature) of 
temperature distribution of Tandelta was 350**. 

- Total light transmittance : the total light transmittance measured using a 100-micrometer-thick 
film was 91%. 

[0047]The with a crosslinking treatment [ 100-micrometer thickness unconstructed a bridge ] 
cast film dissolved in toluene at 25 **. When the high-pressure mercury lamp of 500W was used 
for this film and the main peak of wavelength irradiated with 314, 366, and the ultraviolet rays 
that are 405 or 436 nm at 30 ** via the heat ray cut-off filter for 30 minutes, the film became 



insoluble to 25 ** toluene. 

[0048]Instead of example 2 acrylic-acid 2-(5-NORUBONENIRU) methyl, it polymerized like 
Example 1 except using methacrylic acid 3-(8-tetracyclo [4.4.0. 1 2,5 . 1 7, .] dodecenyl) methyl. 
The inversion rate to the copolymer of a monomer was 82%. The percentage of the structural 
unit originating in methacrylic acid 3-(8-tetracyclo [4.4.0. I 2 ' 5 .1 7 * .] dodecenyl) methyl in a 
copolymer was 9.5-mol% from ^-NMR analysis. The number average molecular weight by 
GPC was 1 13,000, and weight average molecular weight was 226,000. By the exposure of 
ultraviolet rays, it became 25 ** toluene with the completely insoluble film like Example 1. 
When 90 ** of films which obtained benzoyl peroxide by carrying out 0.5 weight-section 
addition per polymer 100 weight section were heat-treated for 15 minutes, it became 25 ** and 
toluene with the completely insoluble film. 

[0049]Instead of example 3 methacrylic-acid 3-(8-tetracyclo [4.4.0. 1 2,5 .1 7, 10 .] dodecenyl) methyl 
lOmmol, Except using methacrylic acid 3-(8-tetracyclo [4.4.0.1 2 ' 5 .1 7, 10 .] dodecenyl) methyl 
5mmol and 5-triethoxy silyl 2-norbornene 5mmol, it polymerized like Example 1 and the 
copolymer 7.3g was obtained. Methacrylic acid 3 - (the percentage of the structural unit 
originating in 8-tetracyclo [4.4.0. 1 2 ' 5 .1 7 ' I0 .] dodecenyl methyl was 4.8-mol % from ^-NMR 
analysis.) The rate of the structural unit originating in 5-triethoxy silyl 2-norbornene, It asked by 
infrared analysis from the analytical curve of the relative ratio of absorption of end CH3 of the - 
Si-0-CH 2 CH 3 group of 1,389-cm" 1 , and absorption of -CH- by the norbornene skeleton of 1,294- 
cm" 1 , and was 4.5-mol %. The number average molecular weight of this copolymer was 109,000, 
and weight average molecular weight was 214,000. A 100-micrometer film was created like 
Example 1 , and bridge construction by ultraviolet rays was performed. It was completely 
insoluble to 25 ** toluene in the film. The total light transmittance of this film was 91%. There 
was no block with which the peel test of aluminum also exfoliates. 

[0050]It is a silica particle (the mean particle diameter of 12 nm) in 400 ml of example 4 methyl 
ethyl ketone. Specific surface area 2 of 400 m, surface silanol 5micromol/m 2 , Or 50 g of meta-clo 
yloxy (propyl) trimethoxysilane is added for an alumina particle (mean particle diameter of 20 
nm, specific surface area 2 of 150 m) to 100 g, respectively, Furthermore, a 1.5-g maleic 
anhydride was added to 1 0 ml of water as a catalyst, and it returned under nitrogen for 2 hours. 
200 ml was removed from this solution under decompression of methyl ethyl ketone, and 200 ml 
of toluene was added. Thus, five weight sections were mixed for obtained colloidal silica or 
alumina of surface denaturation in the toluene solution to copolymer 100 weight of Example 3, 
and the composite-ized transparent solution was obtained. Next, the cast of the solution was 
carried out and about 100-micrometer film was obtained. The weighted solidity of the 
composite-ized film and the film which carried out optical bridge construction is shown in Table 
1. 

[0051] 
[Table 1] 



[0052]In example 5 Example 1, it carried out like Example 1 instead of acrylic acid 2-(5- 
NORUBORUNENIRU) methyl except using 2-hydroxyethyl methacrylic acid ester and ester of 
2-methyl and 5-norbornene 2-carboxylic acid. The inversion rate to the polymer was 38%. The 
polymer was dissolved with toluene and the characteristic absorption of 1,727-cm" 1 by CH 2 =CH- 
CO-O- was observed in the infrared absorption spectrum after acetone solidifies and refines. The 
percentage of the structural unit originating in this structure was 2.8-mol % among all the 
repeating units. The number average molecular weight of the polymer was 39,000, and weight 
average molecular weight was 66,000. Like Example 1, the bridge construction by light took 
place and it was insoluble to toluene. 

[0053]In comparative example 1 Example 1, instead of 2-norbornene 90mmol and acrylic acid 2- 
(5-NORUBORUNENIRU) methyl lOmmol, Using 2-norbornene 93mmol and 5-ethylidene-2- 
norbornene 7mmol, except using cyclohexane as a solvent, the copolymerization reaction was 
performed like Example 1 and the copolymer 7.6g was obtained. The number average molecular 
weight by GPC was 98,000, and weight average molecular weight was 198,000. Although a 100- 
micrometer film was created like Example 1 and the film was irradiated with ultraviolet rays, it 
mostly dissolved in cyclohexane. The remaining thing did not retain the original form with 
pastiness, either. Although benzoyl peroxide was added like Example 2 and the film was created 
and heated, it dissolved in cyclohexane. When the peel test of aluminum was carried out, it 
exfoliated altogether and adhesion was remarkably weak. 
[0054] 

[Effect of the InventionJAccording to this invention, the cyclic olefin system copolymer which 
can give outstanding heat resistance, transparency, chemical resistance, solvent resistance, and 
adhesion and adhesion and for which a bridge can be constructed, its complex, and also these 
bridging bodies can be provided. 



TECHNICAL FIELD 



[Field of the Invention] This invention relates to the cyclic olefin system copolymer which can 
construct a bridge. It is related with the suitable cyclic olefin system copolymer for the optical 
material which has the outstanding heat resistance, solvent resistance, and chemical resistance in 
more detail for which a bridge can be constructed, this complex, these bridging bodies, and the 
optical material using these. 



PRIOR ART 



[Description of the Prior Art] In recent years, in fields, such as electronic parts and an optic, the 
conversion to transparent resin in which it is light and processing is easy from glass is 
progressing with the demand of a weight saving, and small size and densification. There are the 
strong points, like that it is easy to process it, that it can be hard to divide, and transparent resin 
as substitution of glass is light, and there is also a fault - heat resistance, endurance and 
chemical resistance, and dimensional stability are inferior. Therefore, improving these faults is 
called for. 

[0003]Transparency is optically made highly useful [ the addition polymer of cyclic olefin ] until 
now as an existing heat-resistant polymer, for example, the following patent is proposed. 
JP,03-205408,A JP,04-63807,A JP,07- 104474, A JP,09-508649,A JP,10-251343,A JP,10- 
182799, A WO -98/No. 20394 gazette WO-No. 97/20871 gazette WO-96/. The No. 37526 
gazette WO-No. 98/56839 gazette [0004]In [ it is supposed as an improvement means of heat 
resistance, chemical resistance, and dimensional stability that it is bridge construction-ization a 
leading means, and ] the following Patent Gazettes, The cyclic olefin system addition polymer 
which has an unsaturated bond of the hydrocarbon represented with (1) JP,03-205408,A with a 
vinyl group and a vinylidene group in a side chain as a cyclic olefin system polymer which can 
construct a bridge. 

(2) The cyclic olefin system addition polymer which has a substituent which consists of a 
conjugate double bond which contains an aromatic group in the WO-No. 96/37526 gazette in a 
side chain. 

(3) The cyclic olefin system addition polymer which contains alkoxy silyl groups in a side chain 
as a representative in WO 98/No. 56839 gazette, WO 97/No. 20871 gazette, and WO 98/No. 
20394 gazette. The cyclic olefin system polymer in which alkoxy silyl groups was introduced by 
the grafting reaction in JP,07- 104474, A. 

(4) The cyclic olefin system polymer by which epoxy denaturation was carried out in JP,10- 
182799,A and JP,10-251343,A. **** is indicated. 

[0005]However, in the unsaturation bond groups which consists of hydrocarbon, such as a vinyl 
group as a reactive site which can construct a bridge, and a vinylidene group, in order to 
construct a bridge, many initiator compounds which are disassembled with heat, light, etc. and a 
radical generates are necessities. In the case of alkoxy silyl groups, the acid generator etc. which 
are disassembled with additive agents, such as water, acid, organic tin, and aluminum diketone, a 
catalyst, or light are required. In the use fields an optical material, for electronic industry 
materials, etc., things which are not included as much as possible in a polymer, such as a volatile 
impurity and a catalyst metal residue, are searched for. Therefore, even if the functional group as 
a reactive site which can construct a bridge works effectively and faces bridge construction, it is 
called for that a bridge is constructed by the method of not using these using the additive agent of 
the smallest possible quantity, a catalyst, etc. 

EFFECT OF THE INVENTION 



[Effect of the Invention] According to this invention, the cyclic olefin system copolymer which 
can give outstanding heat resistance, transparency, chemical resistance, solvent resistance, and 
adhesion and adhesion and for which a bridge can be constructed, its complex, and also these 
bridging bodies can be provided. 



TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] An object of this invention is to. provide the cyclic 
olefin system copolymer which was made in view of the above-mentioned problem, and gives 
outstanding heat resistance, transparency, chemical resistance, solvent resistance, and adhesion 
and adhesion and for which a bridge can be constructed, its complex, and its bridging body. The 
cyclic olefin system copolymer over which the bridge was constructed aims at providing the 
impurity for bridge construction as much as possible, and the bridging body which does not 
contain a residue. 

MEANS 



[Means for Solving the ProblemJThis invention relates to a cyclic olefin system copolymer 
whose polystyrene equivalent weight average molecular weights are 3,000-1,500,000 including a 
repeating unit (a) expressed with a following general formula (1), and a repeating unit (b) 
expressed with a following general formula (2). 
[0008] 
[Formula 3] 



[0009]Independently A 1 , A 2 , A 3 , and A 4 among [type (1), respectively A hydrogen atom, the 
hydrocarbon group of the carbon numbers 1-20, or, General formula-(CH 2 ) rO-C(O) 
CR 1; =CR 2 R 3 or general formula-C (O) the functional group which is expressed with -0-(CH 2 ) g- 
0-C(0)-CR 1 =CR 2 R 3 and for which a bridge can be constructed. At least one of an example, A , 
A 2 , A 3 , and A 4 is a functional group in which the above-mentioned bridge construction is 
possible. Here, R 1 , R 2 , and R 3 show a hydrogen atom and the alkyl group of 1-10 independently, 
respectively, f shows the integer of 0-3 and g shows the integer of 1-3. p shows the integer of 0- 
3.] 
[0010] 
[Formula 4] 



[001 1JB 1 , B 2 , B 3 , and B 4 among [type (2), respectively independently, A hydrogen atom, the 
alkyl group of the carbon numbers 1-20, a cycloalkyl group, an aryl group, an alkenyl group, a 
halogen atom, a halogenated hydrocarbon group, or the polar group expressed with -(CH 2 ) q X is 
shown. X here -C(O) OR 4 , -OC(O) R 5 , Or it is -Si(OR 6 ) 3 -kR 7 k, The alkyl group of the carbon 



numbers 1-20, an aryl group, cycloalkyl groups or these halogenation groups, and R 6 of R 4 and 
R 5 are the alkyl groups, alkenyl groups, or aryl groups of the carbon numbers 1-10, R 7 is a 
halogen atom, an alkyl group of the carbon numbers 1-10, an alkenyl group, or an allyl group. It 
may be BINIRIDENIRU, imide, and carboxylic anhydride groups which are formed by B 1 and 
B 3 . q shows the integer of 0-3. k is an integer of 0-3. m shows the integer of 0 or 1. ] Here, the 
above-mentioned cyclic olefin system copolymer may include the repeating unit (c) further 
expressed with a following general formula (3). 
-rCH 2 -CHR 8 )- (3) 

R is a silyl group expressed with a hydrogen atom, an alkyl group of the carbon numbers 1-8, an 
aryl group of the carbon numbers 6-15, or general formula-Si(R 9 ) t(R 10 ) 3-t among [type (3). R 9 
shows an alkyl group or an alkoxy group of the carbon numbers 1-5 here, and R 10 shows a 
halogen atom or a hydrogen atom, t is an integer of 0-3. ] — a repeating unit (a) shown again by a 
general formula (1) which constitutes the above-mentioned cyclic olefin system copolymer ~ the 
inside of all the repeating units - 0.1 - 30-mol % — what is contained is preferred, a repeating 
unit (b) whose at least one of B 1 of a general formula (2) which constitutes the above-mentioned 
cyclic olefin system copolymer, B 2 , B 3 , and B 4 is alkoxy silyl groups — the inside of all the 
repeating units — 0.1 - 20-mol % — what is contained is preferred. A silicon oxide produced by 
carrying out hydrolysis condensation of an oxide of at least one sort of metal chosen from a 
group of silicon, aluminum, titanium, and a zirconium and/, or the alkoxy silane compound is 
blended with a cyclic olefin system copolymer of this invention, and it is good for it also as a 
complex. Next, this invention relates to a bridging body over which make the above-mentioned 
cyclic olefin system copolymer or the above-mentioned complex come to construct a bridge. 
Next, this invention relates to an optical material which used the above-mentioned cyclic olefin 
system copolymer, the above-mentioned complex, or the above-mentioned bridging body. 
[0012] 

[Embodiment of the Invention] An embodiment of the invention is described concretely below. A 
cyclic olefin system copolymer including the repeating unit (b) shown in the repeating unit (a) 
which shows the cyclic olefin system copolymer of this invention in a general formula (1), and a 
general formula (2), Or it is a cyclic olefin system copolymer including the repeating unit (c) 
shown by the repeating unit (a) shown in a general formula (1), the repeating unit (b) shown in a 
general formula (2), and a general formula (3). 

[0013]The repeating unit (a) shown by a general formula (1) can be formed by the addition 
condensation of the cyclic olefin (henceforth "specific cyclic olefin (1)") shown in a following 
general formula (4). 
[0014] 
[Formula 5] 



[0015]A l , A 2 , A 3 , A 4 , and p are the same as what is shown in a formula (1) among [type (4). ] 
the cyclic olefin system copolymer of this invention — the rate of a repeating unit (a) — 0.1 - 30- 
mol % - if contained, bridge construction will become possible easily with light and heat. 
Storage stability comes to be inferior, when the rate becomes difficult to require bridge 



construction at less than 0. 1% and exceeds 30-mol % on the other hand. The percentages of a 
repeating unit (a) are 0.5 - 10-mol % preferably. 

[00 16] A little 2 and 7 addition structural units other than 2 and 3 addition structural unit which 
were shown in a general formula (1) may be included in a repeating unit (a) of this invention. 
[0017]As an example of specific cyclic olefin (1), Acrylic acid 2-(5-NORUBORUNENIRU) 
methyl (another name: ester of 2-hydroxymethyl-5-norbornene and acrylic acid), Acrylic acid 2- 
(3-methyl-5-NORUBORUNENIRU) methyl, acrylic acid 2-(3-ethyl-5-NORUBORUNENIRU) 
methyl, Methacrylic acid 2-(5-NORUBORUNENIRU) methyl, acrylic acid 2-(5- 
NORUBORUNENIRU) ethyl, Methacrylic acid 2-(5-NORUBORUNENIRU) ethyl, acrylic acid 
5-NORUBORUNENIRU, Acrylic acid 2-methyl-5-NORUBORUNENIRU, methacrylic acid 5- 
NORUBORUNENIRU, Methacrylic acid 2-methyl-5-NORUBORUNENIRU, acrylic acid 3-(3- 
methyl-8-tetracyclo [4.4.0.1 2, s .l 7 > md 10 ] dodecenyl) methyl, Acrylic acid 3-(8-tetracyclo 
[4.4.0.1 2 ' 5 .1 7>1 °] dodecenyl) methylmethacrylic acid 3-(3-methyl-8-tetracyclo [4.4.0.1 2 ' 5 .1 7 ' 10 ] 
dodecenyl) methyl, Methacrylic acid 3-(8-tetracyclo [4.4.0. 1 2 ' 5 . 17' I0 ] dodecenyl) methyl, 
Acrylic acid 3- (3-methyl-8~tetracyclo [4.4.0. l 2j5 .l 7jand 10 ] dodecenyl), Acrylic acid 3- (8- 
tetracyclo [4.4.0. 1 2 > 5 .1 7 ' I0 ] dodecenyl), Methacrylic acid 3- (3-methyl-8-tetracyclo [4.4.0.1 2,5 .1 7 ' 
10 ] dodecenyl), methacrylic acid 3 - (8-tetracyclo [4.4.0.1 2 * 5 .1 7, 10 ] dodecenyl) 
Crotonic acid 2-(5-NORUBONENIRU) methyl, crotonic acid 3- (3-methyl-8-tetracyclo [4.4.0. 1 2 ' 
5 1 7, and i0j dodecenyl), 2-hydroxyethyl acrylate and ester of 5-norbomene 2-carboxylic acid, 2- 
hydroxyethyl methacrylate and ester of 5-norbornene 2-carboxylic acid, 2-hydroxyethyl acrylate 
and ester of 2-methyl-5-norbornene 2-carboxylic acid, 2-hydroxyethyl methacrylate and ester of 
2-methyl-5-norbornene 2-carboxylic acid, 2-hydroxypropyl acrylate and ester of 5-norbornene 2- 
carboxylic acid, Ester of 2-hydroxypropyl methacrylate and 5-norbornene 2-carboxylic acid, 
Ester of 2-hydroxypropyl acrylate, ester of 2-methyl-5-norbornene 2-carboxylic acid and 2- 
hydroxypropyl methacrylate, and 2-methyl-5-norbornene 2-carboxylic acid, etc. are mentioned. 
[001 8] A repeating unit (b) shown by a general formula (2) can be formed by addition 
condensation of cyclic olefin (henceforth "specific cyclic olefin (2)") shown in a following 
general formula (5). 
[0019] 
[Formula 6] 



[00203B 1 , B 2 , B 3 , B 4 , and m are the same as that of a formula (2) among [type (5). ] 
At least one of B 1 of the general formula (2) which constitutes the cyclic olefin system 
copolymer of this invention, B 2 , B 3 , and B 4 the repeating unit (b) which is alkoxy silyl groups, 
the inside of all the repeating units - 0.1-20-mol % - in order that what is contained may 
distribute the condensation product of a metallic oxide or an alkoxy silane compound micro and 
may consider it as the high complex of transparency optically, it is desirable in order to improve 
an adhesive property with other members. It is 0.5-1 0-mol % preferably. 
[0021] As an example of specific cyclic olefin (2), 2-norbornene, 5-methyl-2-norbornene, 5- 
ethyl-2-norbornene, 5-propyl-2-norbornene, 5-butyl-2-norbornene, 5-pentyl-2-norbornene, 5- 
hexyl-2-norbomene, 5-heptyl-2-norbornene, 5-octyl-2-norbornene, 5-decyl-2-norbornene, 5- 



dodecyl-2-norbornene, 5 5 6-dimethyl- 2-norbornene, 5-methyl-5-ethyl-2-norbornene, 5-phenyl-2- 
norbornene, 5-vinyl-2-norbornene, 5-allyl-2-norbornene, 5-isopropylidene-2-norbornene, 5- 
ethylidene-2-norbornene, 5-cyclohexyl-2-norbornene, 5-cyclohexenyl 2-norbornene, 5-indenyl 
2-norbornene, 5,6-Indang 2-norbornene, 5-fluoro-2-norbornene, 5-chloro-2-norbornene and 5- 
norbomene 2-methyl carboxylic acid, 5-norbornene 2-carboxylic acid ethyl, 5-norbornene 2- 
carboxylic acid butyl, 2-methyl-5-norbornene 2-methyl carboxylic acid, 2-methyl-5-norbornene 
2-carboxylic acid ethyl, 2-methyl-5-norbornene 2-carboxylic acid propyl, 2-methyl-5-norbornene 
2-carboxylic acid butyl, 2-methyl-5-norbornene 2-carboxylic acid trifluoroethyl, 2-methyl-5- 
norbornene 2-yl ethyl acetate, 5-trimethoxysilyl 2-norbornene, 5-dimethoxy chlorosilyl 2- 
norbornene, 5-methoxy chloromethyl silyl 2-norbornene, 5-dimethoxy chlorosilyl 2-norbornene, 
5-methoxy hydride methylsilyl 2-norbornene, 5-dimethoxy hydride silyl 2-norbornene, 5- 
methoxy dimethylsilyl 2-norbornene, 5-triethoxy silyl 2-norbornene, 5-diethoxy chlorosilyl 2- 
norbornene, 5-ethoxy chloromethyl silyl 2-norbornene, 5-diethoxy hydride silyl 2-norbornene, 5- 
ethoxy dimethylsilyl 2-norbornene, 5-ethoxydiethylsilyl 2-norbornene, 5-propoxy dimethylsilyl 
2-norbornene, 5-triphenoxy silyl 2-norbornene, 5-diphenoxymethylsilyl 2-norbornene, 5- 
trimethoxysilyl methyl-2-norbornene, 5-(2-trimethoxysilyl) ethyl-2-norbornene, 5-(2-dimethoxy, 
chlorosilyl) ethyl-2-norbornene, 5-(l-trimethoxysilyl) ethyl-2-norbornene, 5-(2-trimethoxysilyl) 
propyl-2-norbornene, 5-(l-trimethoxysilyl) propyl-2-norbornene, 5-triethoxy silyl ethyl-2- 
norbornene, 5-dimethoxymethylsilylmethyl-2-norbornene, 5-trimethoxy propylsilyl 2- 
norbornene, 5-norbornene 2-carboxylic acid trimethoxysilylpropyl, 5-norbornene 2-carboxylic 
acid triethoxy silyl propyl, 5-norbornene 2-carboxylic acid dimethoxy, methylsililpropyl, 2- 
methyl-5-norbornene 2-carboxylic acid trimethoxysilylpropyl, 2-methyl-5-norbornene 2- 
carboxylic acid dimethoxy, methylpropyl, 2-methyl-5-norbornene 2-carboxylic acid triethoxy 
silyl propyl, 5-norbornene 2,3-dimethyl dicarboxylate, 5-norbornene 2,3-diethyl dicarboxylate, 
the 5-norbornene 2, 3-carboxylic anhydride, N-phenyl-5-norbornene 2,3-carvoneimide, N- 
cyclohexyl-5-norbornene 2,3-carvoneimide, 3-tricyclo [4.3.0.1 2 ' 5 ] decene, 4.3.0.1 2 ' 3J ' tricycIo[5 ] 
decadiene (dicyclopentadiene), 3-tetracyclo [4.4.0.1 2 ' 5 .1 7 ' 10 ] dodecen, 4A0.1 2 ' 5 l 7 ' 8 " mclhyl " 3 " 
tctmcyciofiOj dodece ^ 8-methyl-8-carboxymethyl, 3-tetracyclo [4.4.0.1 2 * 5 1 7 ' 10 ] dodecen, 8-methyl- 
8-carboxyethyl, 4.4.0.1 2 ' ^ 5 i7>3-tetracycio[io ] dodecenj etc can be mentioned. 
[0022] A repeating unit (c) shown by a general formula (3) constituted with a repeating unit (b) 
shown by repeating unit (a) shown by a general formula (1) and a general formula (2) is formed 
by carrying out addition copolymerization of "the specific alpha olefin." 

[0023] As an example of specific alpha olefin, ethylene, propylene, 1-butene, 1-hexene, 1-octene, 
styrene, p-methylstyrene, o-methylstyrene, Although trimethylsilyl ethylene, triethyl silyl 
ethylene, trichlorosilyl ethylene, dimethyl chlorosilyl ethylene, methyldichlorosilylethylene, 
triethoxy silyl ethylene, tripropoxy silylethylene, etc. are mentioned, Ethylene, styrene, and p- 
methylstyrene are preferred in these. 

[0024] A copolymerization method of a copolymerization method of specific cyclic olefin (1) of 
this invention and specific cyclic olefin (2) or cyclic olefin (1) and cyclic olefin (2), and specific 
alpha olefin is performed by a following method. 

[0025] As a typical polymerization catalyst, [Pd(CH 3 CN) 4 ] and [BF 4 ] 2 , [Pd(PhCN) 4 ] [SbF 6 ] di- 
mu-chloro-bis(6-methoxy bicyclo[2.2.1]hept 2-ene-, andsigma [ 5 ], 2pi)Pd (it abbreviates to "I" 
hereafter.), and methylalumoxane (it abbreviates to "MAO" hereafter.) 

I, AgSbF 6 and I, AgBF 4 , [(eta 3 -aryl) PdCl] 2 and AgSbF 6 , [(eta 3 -aryl) PdCl] 2 and AgBF 4 , [(eta 3 - 
clo chill) Pd (cyclo-octadiene)], [PF 6 ], [. (1, 5-cyclo-octadiene) Pd. (CH 3 ) (CI)], PPh 3 , NaB[3 and 
5-(CF 3 ) 2 C 6 H 3 ] 4 [(eta 3 -clo chill) nickel (cyclo-octadiene)], [B(CF 3 ) ( 2 C 6 H4) 4 ] 



[NiBr (NPMe 3 )] 4 , MAO, nickel(octoate) 2 and MAO, nickel(octoate) 2 , B(C 6 F 5 ) 3 , and AlEt 3 , 
nickel(octoate) 2 , a reactant of HSbF 6 , BF 3 and Et 2 0, and AlEt 3 , nickel (Octoate) 2 . A reactant of 
HSbF 6 . A reactant and AlEtF 2 nickel of BF 3 and Et 2 0 3 reactant nickel(octoate) 2 of AlEt 3 , a 
reactant of HSbF 6 , AlEt 2 FNi(octoate) 2 , and HSbF 6 . (Naphthoate) Reactant nickel of 2 , a reactant 
of HSbF 6 , BF 3 and Et 2 0, AlBu 3 nickel(naphthoate) 2 , a reactant of HSbF 6 , B(C 6 F 5 ) 3 , and AlEt 3 . 
(Octoate) 2 , Ph 3 C-B(C 6 F 5 ) 3 , and AlEt 3 , Bis[N-. (3-tert-butylsalicylidene) 
phenylaminato]nickel(II), Ph 3 CB(C 6 F 5 ) 4, and AlBu 3 Bis[N- (3-tert-butylsalicylidene). 
phenylaminato]nickel(II) and MAO, nickel[PhC. (O) CHPPh 2 ]. (Ph). (PPh 3 ) nickel[OC. (0) 
(C 6 H4) PPh 2 ](H) (PPh 3 ) nickel(COD) 2 and PPh 3 =CHC(0) Ph[(ArN=CHC 6 H 3 (0) (Anth)] 
(Ph)(PPh 3 ) nickel (here)) Ar: 2, 6-(Pr) 2 C 6 H 3 , Pnisopropyl, Anth:9-anthracene 
Toluene-nickel(C 6 F 5 ) 2 , [PPh 2 CH 2 C(0) Ph] nickel(C 6 F 5 ) 2 , A compound etc. which form a 
complex or cation complexes, such as nickel of periodic table 8 fellows, such as Co (neo 
decanoate) and MAO, Pd, and Co, are mentioned. 

[0026] As a solvent, alicyclic hydrocarbon solvents, such as cyclohexane, cyclopentane, and 
methylcyclopentane, Aliphatic hydrocarbon solvents, such as pentane, hexane, heptane, and 
octane, Aromatic hydrocarbon solvents, such as toluene, benzene, and xylene, dichloromethane, 
Halogenated hydrocarbon solvents, such as 1,2-dichloroethylene and chlorobenzene, Ethyl 
acetate, butyl acetate, gamma-butyrolactone, propylene glycol, A solvent chosen from polar 
solvents, such as wood ether, nitromethane, N-methyl pyrrolidone, pyridine, N, N f - 
dimethylimidazolidinone, dimethylformamide, and an acetamide, etc. is used. 
[0027] As the method of a polymerization, a monomer and a molecular weight modifier which 
become a reaction vessel from a solvent and cyclic olefin under nitrogen or argon atmosphere are 
taught, and a polymerization system is set as temperature of the range of -20 ** - 100 **. Next, 
the above-mentioned catalyst component is added and it polymerizes in -20 ** - 100 **. A 
weight ratio of a solvent/monomer is performed in 1-20. Regulation of a molecular weight is 
adjusted by the target molecular weight with an inversion rate and polymerization temperature to 
quantity of a polymerization catalyst, an addition of molecular weight modifiers, such as alpha 
olefin, hydrogen, and a diphenyl dihydrosilane, and a polymer. A stop of a polymerization is 
performed by compound chosen from water, alcohol, organic acid, carbon dioxide, etc. The 
water/alcoholic mixture of acid chosen as a polymer solution from organic carboxylic acid, such 
as lactic acid and oxalic acid, are added, and a catalyst residue is separated and removed from a 
polymer solution. A polymer is obtained by putting a polymer solution in alcohol chosen from 
methanol, ethanol, isopropanol, etc., solidifying it, and carrying out reduced pressure drying. At 
this process, an unreacted monomer which remains in a polymer solution is also removed. 
[0028] A molecular weight of a cyclic olefin system copolymer of this invention, 0- 
dichlorobenzene. a number average molecular weight of polystyrene conversion measured by a 
gel permeation chromatography used as a solvent - 2,000-1,000,000, and weight average 
molecular weight ~ 3,000-1,500,000 -- desirable - a number average molecular weight - 
10,000-700,000. Weight average molecular weight is 20,000-1,000,000. Disruptive strength 
when a number average molecular weight uses less than 2,000 and weight average molecular 
weight considers it as a film, a thin film, and a sheet by less than 3,000 becomes insufficient in 
many cases. On the other hand, if a number average molecular weight exceeds 1,000,000 and 
weight average molecular weight exceeds 1,500,000, the molding workability of a sheet and a 
film will fall, or solution viscosity will become high at the time of film production of a cast film, 
and handling will become difficult. 

[0029] glass transition temperature of a cyclic olefin system copolymer of this invention is called 



for with peak temperature of temperature distribution of Tandelta (a storage modulus - E - ' a 
loss modulus - E - M - Tan - delta=E -- " - /-- E - ') measured by dynamic viscoelasticity. 
120-400 ** of glass transition temperature [ 200-370 ** of] of a cyclic olefin system copolymer 
of this invention is 250-350 ** especially preferably still more preferably preferably. When glass 
transition temperature carries out liquid crystal group board formation in less than 120 ** at a 
film or a sheet shaped, heat resistance is insufficient, heat modification takes place, and it is not 
desirable. Since disassembly of a copolymer takes place on the other hand when performing 
processing in an elevated temperature, and crosslinking reaction, if glass transition temperature 
exceeds 400 **, it is not desirable. A repeating unit (a) in a copolymer of this invention, For 
example, by an infrared absorption spectrum, can check by absorption of carbonyl (C=0) of a 
contiguity double bond of 1725-1735-cm" 1 , etc., and with a nuclear magnetic resonance spectrum 
( l H-NMR). The structure can be checked from a peak of a proton of a carbon atom substituent of 
a 5.4-6.9 ppm C=C double bond. A rate of a repeating unit (a) in a copolymer can be searched 
for by l H-NMR from a ratio of absorption of a 0.9-3.0 ppm proton, and absorption of a proton of 
a carbon atom substituent of a 5.4-6.9 ppm C=C double bond originating in all the norbornene 
structures. 

[0030]In a cyclic olefin system copolymer of this invention, 2,6-di-tert-butyl-4-methylphenol, 
4,4-thiobis- (6-t-buty 1-3 -methyl phenol), l,l'-bis(4-hydroxyphenyl)cyclohexane, 2,2'- 
methylenebis (4-ethyl-6-t-butylphenol), Phenol systems, such as 2,5-di-t-butylhydroquinone and 
pentaerythrityl tetrakis [3-(3,5-di-t-butyl-4-hydroxyphenyl) propionate, To a hydroquinone 
system antioxidant pan, tris (4-methoxy-3,5-diphenyl) phosphite, Tris (nonylphenyl) phosphite, 
The Lynn system antioxidants, such as tris (2,4-di-t-buthylphenyl) phosphite bis(2,6-di-t-butyl-4- 
methylphenyl)PENTAERI stole diphosphite bis(2,4-di-tert-butylphenyl) 
pentaerythritoldiphosphite, are added, Oxidation stability can be raised. 
[003 l]An oxide of at least one sort of metal chosen as a cyclic olefin system copolymer of this 
invention from a group of silicon, aluminum, titanium, and a zirconium, And a silicon oxide 
(these are also hereafter called "metallic oxide") produced by carrying out hydrolysis 
condensation of7or the alkoxy silane compound is blended, and it is good also as a complex. 
[0032]As the above-mentioned complex, to a cyclic olefin system copolymer of above- 
mentioned this invention, the shape of colloidal one, It can also be considered as a complex 
which mixed the surface with what denaturalized by acrylic ester which has alkoxy silyl groups 
for metallic oxides, such as silica, alumina, and a titania, or methacrylic acid ester, and a metallic 
oxide distributed micro in a copolymer and for which a bridge can be constructed. 
[0033]A complex which a metallic oxide distributed micro in a copolymer and for which a 
bridge can be constructed is obtained without carrying out surface denaturation of the above- 
mentioned metallic oxide, when a cyclic olefin system copolymer of this invention contains 
alkoxy silyl groups. 

[0034]furthermore - as the above-mentioned complex - the inside of a copolymer of this 
invention - alcoholic salts, such as Si, aluminum, Ti, and Zr, and an aryl salt - for example, A 
tetramethoxy silane, a tetraethoxysilane, methyl trimetoxysilane, methyl triethoxysilane, 
trimethoxy aluminum, and TORIE - an ibis - sial minium. By solution states, after mixing, 
catalysts, such as compounds, such as Sn, Ti, Zr, Y, and aluminum, and ** HC1 and HF, are 
used, and a hybrid complex which can construct a bridge with hydrolysis and a "sol-gel method" 
which carries out a polycondensation is obtained in tetraethoxytitanium, tetraethoxy zircon, etc. 
When 100 nm or less of these inorganic particles are preferably distributed by particle diameter 
of 10 nm or less in a copolymer, it becomes the complex heat resistance and whose dimensional 



stability improved by optical transparence. 

[0035]In a complex of this invention, loadings of the above-mentioned metallic oxide are usually 
five to 30 weight section preferably three to 50 weight section to cyclic olefin system copolymer 
100 weight section of this invention. 

[003 6] A cyclic olefin system copolymer (or complex) of this invention, With an extruder, 
directly, can also consider it as a film and a sheet thin film, and, dissolve a copolymer (complex) 
in a solvent chosen from polar solvents, such as a hydrocarbon solvent, a halogenated 
hydrocarbon solvent, ketone, ether, ester, amine, amide, and urea, and pass casting and an 
evaporation process optics ~ it can be made a transparent film and a sheet. A copolymer 
(complex) can also be fabricated and processed at a film and a sheet, evaporating a solvent with 
an extruder, after swelling a copolymer (complex) to these solvents. 

[003 7] A cyclic olefin system copolymer of this invention, Or in order for the complex to be able 
to construct a bridge with activity energy lines, such as light or an electron beam, and to promote 
bridge construction, Sensitizers, such as aromatic compounds, an aromatic carbonyl compound, 
and aromatic thiocarbonyl compounds, an organic and inorganic peroxide, a sulfide compound, a 
diazo compound, thiol compounds, etc. can be added in small quantities. As a light source used 
for bridge construction, light whose wavelength is 250 nm - 450 nm is used. Temperature is 0- 
150 ** and time of a cross-linking condition is 1 to 300 minutes. 

[0038] A cyclic olefin system copolymer of this invention, its complex, and these bridging 
bodies, since it has outstanding optical transparency, heat resistance, and adhesion and adhesion - 
- optics (optical material), such as a light guide plate, a polarization film, a liquid crystal panel, a 
phase difference film, a transparent conductive film, an OHP film, an optical disc, an optical 
fiber, and a lens, and electronic parts — it is further used for a medical care container, a container, 
etc. 

[0039]A cyclic olefin system copolymer (complex) of this invention, Since it has outstanding 
optical transparency, heat resistance, an adhesive property, and adhesion, a hydride and an 
addition (**) polymer of a conventionally publicly known norbornene system ring breakage (**) 
polymer, for example, JP,61-29260,A and JP,60-16870,A. JP,60-26024,A, JP,2-5151 1,A, JP,1- 
132625,A, JP,1-132626,A, JP,4-202404,A, JP,4-63807,A, JP,8-198919,A, the Patent Publication 
Heisei No. 508649 [ nine to ] gazette, the Patent Publication Heisei No. 505880 [ 1 1 to ] gazette, 
JP,6 1-292601, A etc. can be blended and a thermoplastic polymer composition, nothing, 
outstanding heat resistance, an optical property (transparency, low birefringence), and adhesion 
and adhesion can be given. 

[0040]In such a thermoplastic polymer composition, although a blending ratio of a cyclic olefin 
system copolymer of this invention and other polymers (**) is suitably chosen according to a 
kind of a cyclic olefin system copolymer of this invention, and other polymers (**), both 
compatibility, and the purpose of using a constituent, In order to obtain a polymer composition 
which has the outstanding heat resistance, a rate of a cyclic olefin system copolymer of this 
invention is 20 to 80 % of the weight still more preferably ten to 90% of the weight preferably 
five to 95% of the weight. 

[0041] Such a thermoplastic polymer composition is obtained mechanical mixing which uses an 
extruder, a Banbury mixer, a kneader, a roll mill, etc., and by melting in a solvent and carrying 
out a solution blend. A film, a sheet, and a thin film can be obtained from such a thermoplastic 
polymer composition as well as a case of a cyclic olefin system copolymer of this invention. 



[Translation done.] 
EXAMPLE 



[Example] Hereafter, although an example explains this invention still more concretely, this 
invention does not receive restriction at all according to these examples. A molecular weight, 
glass transition temperature, a refractive index, glass transition temperature, a coefficient of 
linear expansion, water absorption, and adhesion and adhesion were measured by the following 
method. 

[0043](1) Weight average molecular weight, a number average molecular weight : it measured at 
120 ** by using o-dichlorobenzene as a solvent using H type column by TOSOH CORP. with 
the product 150C type gel-permeation-chromatography (GPC) device made by UOTAZU 
(WATERS). The obtained molecular weight is a standard polystyrene reduced property. 

(2) Total light transmittance : based on ASTM-D1003, the 100-micrometer-thick film was used 
and total light transmittance was measured. 

(3) Peak temperature of Tandelta (glass transition temperature) : Tandelta (ratio E"/E -Tandelta 
of storage-modulus E 1 and loss-modulus E") of dynamic viscoelasticity was measured, and peak 
temperature of the temperature distribution was made into the glass transition temperature of a 
copolymer. The test frequency performed measurement of dynamic viscoelasticity using LEO 
Vibron DDV-01FP (product made from a cage ene tech) on the conditions whose single 

/ waveform and excitation amplitude is 10 Hz and a part for /and whose 4 ** excitation modes a 

heating rate is 2.5 micrometers. 

Coefficient of linear expansion : (4) TMA (Thermal Mechanical Analysis) / SS6100 (made by 
the SEIKO instrument company) are used, After having fixed in the distance between zippers of 
10 mm, once carrying out temperature up of the sample 100 micrometers of thickness, 3 mm in 
width, and 10 cm in length from a room temperature to about 200 ** and taking a residual strain, 
temperature up was carried out by 3 ** / min. from the room temperature, and the coefficient of 
linear expansion was calculated from the elongation of the distance between zippers. 
(5) Water absorption : after making it immersed in underwater [23 ** ] for 24 hours, water 
absorption was searched for from the weight change before and behind immersion. 
An adhesive property and adhesion : (6) Vapor-deposit aluminum to a specimen (10 cm x 10 
cm), and to this vacuum evaporation film by a cutter. The squares (1 mm x 1 mm) put in slitting, 
did the friction test by a cellophane tape, and measured ten pieces x the ten number of the blocks 
in 25 blocks which exfoliated so that it might be formed. 

[0044]The synthetic example 1 [Composition of acrylic acid 2-(5-NORUBORUNENIRU) 
methyl] 

50 g (0.403 mol) of 5-hydroxymethyl-2-norbornene and 39.2 ml (0.483 mol) of acrylic acid 
chloride are added to 370 ml of methylene chlorides in a 500-ml resisting pressure crow 
container and under a nitrogen atmosphere, Furthermore, it is triethylamine. 84.3 ml (0.605 mol) 
was added and it was made to react at 25 ** for 3 hours. Then, it flowed into the hydrochloric 
acid aqueous solution, the aqueous phase was neutralized by sodium carbonate, and the organic 
phase was separated by the separating funnel. 75 mg of pentaerythrityl tetrakis [3-(3,5-di-t-butyl- 
4-hydroxyphenyl) propionate] which is polymerization inhibitor was added, and it distilled under 
55 ** and 5mmHg. 47 g was obtained for acrylic acid 2-(5-NORUBONENIRU) methyl. (65% of 
yield) 



[0045]Example 1 [Composition of the copolymer of 2-norbornene and acrylic acid 2-(5- 
NORUBORUNENIRU) methyl] 

Toluene with a moisture of 5 ppm under a nitrogen atmosphere to a 300-ml pressure bottle 100 
ml, 2-norbornene 90mmol. and acrylic acid 2-(5-NORUBORUNENIRU) methyl lOmmol. are 
taught, Antimony hexafluoride acid (HSbF 6 ) and octanoic acid nickel (nickel(oct) 2 ) at -30 ** 
beforehand, The denaturation octanoic acid nickel (HSbF6/nickel(oct) 2=1.2 mole ratio) made to 
react 0.04 mg-equivalent nickel, It added in order of trifluoride boron and ethyl ether complex 
0.36mmoL triethylaluminum 0.40mmoL, and the polymerization was performed at 30 ** for 2 
hours. After adding to the above-mentioned copolymer solution and making 4 ml of isopropanols 
[ 60 ** of ] containing lactic acid 4mmoL react to it for 30 minutes, it put into 600 ml of water, 
and it stirred, and settlement separation was carried out and the decatalyst was performed from 
the copolymer solution. Then, the copolymer solution was put into 1,000 ml of isopropanol, and 
was solidified, the unreacted monomer was removed, 80 ** of copolymers were dried for 10 
hours, and the white powder 4.7g was obtained. The inversion rate to the copolymer of a. 
monomer was 46%. 

[0046]Analysis of a copolymer :. - The CH 2 = proton 5.4 of the CH 2 =CH-CO-0-substituent 
originating in the 0.9-3.0 ppm proton peak and acrylic acid 2-(5-NORUBORUNENIRU) methyl 
originating in the norbornene structure measured by the presentation of 270 MHz of a 
copolymer, and l H-NMR. - the percentage of the structural unit which originates in acrylic acid 
2-(5-NORUBORUNENIRU) methyl from 6.5 ppm was 3.2-mol %. The 5.0-5.3 ppm proton of 
the -CH-CH-structure generated by the ring opening polymerization of norbornene structure was 
not observed. The ^-NMR chart of the obtained copolymer is shown in drawing 1 . 

- Qualitative analysis of a functional group : the characteristic absorption of the ester group of 
1,727-cm* 1 by CH 2 =CH-CO-0- and the characteristic absorption of 1,636-cm' 1 by C=C were 
observed with the infrared absorption spectrum. The infrared absorption spectrum of the 
obtained copolymer is shown in drawing 2 . 

- Molecular weight : the number average molecular weight of the standard polystyrene 
conversion measured by GPC was 108,000, and weight average molecular weight was 233,000. 

- Glass transition temperature : the peak temperature (glass transition temperature) of 
temperature distribution of Tandelta was 350 **. 

- Total light transmittance : the total light transmittance measured using a 100-micrometer-thick 
film was 91%. 

[0047] The with a crosslinking treatment [ 100-micrometer thickness unconstructed a bridge ] 
cast film dissolved in toluene at 25 **. When the high-pressure mercury lamp of 500 W was used 
for this film and the main peak of wavelength irradiated with 3 14, 366, and the ultraviolet rays 
that are 405 or 436 nm at 30 ** via the heat ray cut-off filter for 30 minutes, the film became 
insoluble to 25 ** toluene. 

[0048]Instead of example 2 acrylic-acid 2-(5-NORUBONENIRU) methyl, it polymerized like 
Example 1 except using methacrylic acid 3-(8-tetracyclo [4.4.0.1 2,5 .1 7, .] dodecenyl) methyl. 
The inversion rate to the copolymer of a monomer was 82%. The percentage of the structural 
unit originating in methacrylic acid 3-(8-tetracyclo [4.4.0. 1 2, 5 .1 7> .] dodecenyl) methyl in a 
copolymer was 9.5-mol% from l H-NMR analysis. The number average molecular weight by 
GPC was 1 13,000, and weight average molecular weight was 226,000. By the exposure of 
ultraviolet rays, it became 25 ** toluene with the completely insoluble film like Example 1. 
When 90 ** of films which obtained benzoyl peroxide by carrying out 0.5 weight-section 
addition per polymer 100 weight section were heat-treated for 15 minutes, it became 25 ** and 



toluene with the completely insoluble film. 

[0049]Instead of example 3 methacrylic-acid 3-(8-tetracyclo [4.4.0. 1 2 ' 5 .1 7 ' 10 .] dodecenyl) methyl 
lOmmol, Except using methacrylic acid 3-(8-tetracyclo [4.4.0. 1 2 ' 5 .1 7 ' 10 ] dodecenyl) methyl 
5mmol and 5-triethoxy silyl 2-norbornene 5mmol, it polymerized like Example 1 and the 
copolymer 7.3g was obtained. Methacrylic acid 3 - (the percentage of the structural unit 
originating in 8-tetracyclo [4.4.0. 1 2 ' 5 .1 7 ' 10 .] dodecenyl methyl was 4.8-mol % from l H-NMR 
analysis.) The rate of the structural unit originating in 5-triethoxy silyl 2-norbornene, It asked by 
infrared analysis from the analytical curve of the relative ratio of absorption of end CH 3 of the - 
Si-0-CH 2 CH 3 group of 1,389-cnf \ and absorption of -CH- by the norbornene skeleton of 1,294- 
cm" , and was 4.5-mol %. The number average molecular weight of this copolymer was 109,000, 
and weight average molecular weight was 214,000. A 100-micrometer film was created like 
Example 1, and bridge construction by ultraviolet rays was performed. It was completely 
insoluble to 25 ** toluene in the film. The total light transmittance of this film was 91%. There 
was no block with which the peel test of aluminum also exfoliates. 

[0050]It is a silica particle (the mean particle diameter of 12 nm) in 400 ml of example 4 methyl 
ethyl ketone. Specific surface area 2 of 400 m, surface silanol 5micromol/m 2 , Or 50 g of meta-clo 
yloxy (propyl) trimethoxysilane is added for an alumina particle (mean particle diameter of 20 
nm, specific surface area 2 of 150 m) to 100 g, respectively, Furthermore, a 1.5-g maleic 
anhydride was added to 10 ml of water as a catalyst, and it returned under nitrogen for 2 hours. 
200 ml was removed from this solution under decompression of methyl ethyl ketone, and 200 ml 
of toluene was added. Thus, five weight sections were mixed for obtained colloidal silica or 
alumina of surface denaturation in the toluene solution to copolymer 100 weight of Example 3, 
and the composite-ized transparent solution was obtained. Next, the cast of the solution was 
carried out and about 100-micrometer film was obtained. The weighted solidity of the 
composite-ized film and the film which carried out optical bridge construction is shown in Table 
1. 

[0051] 
[Table 1] 



[0052]In example 5 Example 1, it carried out like Example 1 instead of acrylic acid 2-(5- 
NORUBORUNENIRU) methyl except using 2-hydroxyethyl methacrylic acid ester and ester of 
2-methyl and 5-norbornene 2-carboxylic acid. The inversion rate to the polymer was 38%. The 
polymer was dissolved with toluene and the characteristic absorption of 1,727-cm" 1 by CH 2 =CH- 
CO-O- was observed in the infrared absorption spectrum after acetone solidifies and refines. The 
percentage of the structural unit originating in this structure was 2.8-mol % among all the 
repeating units. The number average molecular weight of the polymer was 39,000, and weight 
average molecular weight was 66,000. Like Example 1, the bridge construction by light took 



place and it was insoluble to toluene. 

[0053]In comparative example 1 Example 1, instead of 2-norbornene 90mmol and acrylic acid 2- 
(5-NORUBORUNENIRU) methyl lOmmol, Using 2-norbornene 93mmol and 5-ethylidene-2- 
norbornene 7mmol, except using cyclohexane as a solvent, the copolymerization reaction was 
performed like Example 1 and the copolymer 7.6g was obtained. The number average molecular 
weight by GPC was 98,000, and weight average molecular weight was 198,000. Although a 100- 
micrometer film was created like Example 1 and the film was irradiated with ultraviolet rays, it 
mostly dissolved in cyclohexane. The remaining thing did not retain the original form with 
pastiness, either. Although benzoyl peroxide was added like Example 2 and the film was created 
and heated, it dissolved in cyclohexane. When the peel test of aluminum was carried out, it 
exfoliated altogether and adhesion was remarkably weak. 



DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing l]It is a chart of ^-NMR of the copolymer obtained in Example 1 . 

[Drawing 2]I t is an infrared absorption spectrum of the copolymer obtained in Example 1. 
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(«T, r I j £BST. ) ±**JUT>«*f*> (« 
T\ TMAOj iSST. ) 
I iAqSbF*. I £ AqBF, » 

[(7? 3 -T «J-^)PdCT] i<hAgSbF 6 . [(V-7'J- 
JlOPdCl] , <hAqBF 4 » 

[(7? s -^P^;l/)PdC>^P^^^^X>)] [PFj , 

[ (1,5->^P*£ £^X>) PdCCH 3 )(Cl)] iPPh, 
£NaB [S.S-CCFs^QHi] « 20 

[Cr? 3 -^P^;U)Ni(^^P^^ [BCCCFj), 
QH,).] 

[ Ni Br(NPMe, ) ] 4 iMAO, Ni (^^ h x- h ) 2 £ MA 

O, 

Ni(^ £ h h), £ B (Q F$ ) 3 <h Al Et 3 % 

Ni(:** Fx- h), <hHSbF 6 C7>j^I^!t^<bBF 3 • Et^OiAlE 

NiC** h X- h) 2 <tHSbF 6 G9J£j£^£BF 3 • Et,0iAlEt 3 

Ni(*£ hi- H) 2 <bHSbF,<^Sj6%<tAlEtiF 30 

Ni £ h X- h ), £ HSbF, ©JSCTi AlEtF a 

Ni (t7hx-h) i <L HSbF 6 <£> JxfS42j <b BF 3 * EtjOiAlB 

u 3 

Ni (±V hx-h) z <hHSbF t <DSto^iB(QF $ )iiAlEt 
3 <D&f£$5 ' 
Ni(^^hx-h) l <bPh 3 C- BCQF^j <tA!Et 3t 
Bis[N- (3 -tert-butylsalicylidene) phenylamin 
ato] Ni (II) £Ph 3 CB (C,F,) 4 <h A 1 Bu 3 
Bis[N- ( 3 ~ tert- butyl sal icy li dene) phenylamin 
ato] Ni(II)<?:MAO, 40 
Ni [PhC (0). CHPFh 2 ] . (Ph) (PPh 3 ) Ni [0C.<0) (C 
.H,)PPh,] (H)(PPh 3 )Ni(GOD) l iPPh 3 =CHG(0)Ph 

[ (ArN=CHC6H 3 (0)(Anth) ] (Ph)(PPh 3 )Ni (CC 
T? % Ar: 2, 6~(Pr) 2 QH 3 . Pr: isopropyl . Ant 
h : 9-anthracene) 
Toluene - Ni(QF s ), , 

[PPh 2 CH,C(0)Ph] Ni(QF s ) 2 . 
Co0^f*>'x-h)<!:MAO 

t££<Dmmim8m<DM> p* a>fj;£<Dm#£tciz&* 
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[0 0 2 6 ] mmtLX{t, is?V< 

m % -M^>, ***>tt£<D«t 

BSlK^fc*3R»a. hJbx>, -c>-fef>. *->l/>&£ 
©5J«SKfbfcJ|{»«, ^^pp^X 1. 2-5>» 

I»x^ r-T^P^h 
>. ^Pb'U>^y3^K yyf;l/X-f;k x^p 
m^w; FX f'jS/>, N. N ' - >> 

[0027] m&<D?j&t Lr(j, s**3Tcttr^=f> 

-/^-t»*BM»*ttta*. -20'C-IOOTO 

^ftIOr-2 0*C-100 °C(DS5HrS^€:tf S$ 
/■fc^v-OMittt* 1 -2 OcDeffl-Cfffrft-So # 

[0028] #8?8©8tttU7 ^ >m**^f*<D»^ 

x->3>^p?f^7 -f-^iBDesni^y^^u 

>»»CD»^^«*S2. 00 0-1. 000. 00 
Orllf^l^ 3 . 00 0 - 1 . SOOrOO 
0. »*b<BRflS^W1 0. 000-7 00. 
00 0, li¥W^20, 00 0-1. 000. 
0 0 0r£>& 0 »^«^*W2. 0 0 0m Mfi^F 
1^^S^3. 0 0 0*7S-C«, 7-r;UA, H«*jJ:cf 

j/- h <h vtct %<Dwmm&^+ft±r*z> c tit* 

C^o — K^i^T-fi^ 1 , 0 0 0. 000, SS¥ 
i^RBa^l.. 5 0 0. OOO^fii^i, 2/- 7 

[0029] *^BJ<D^«^ \sV y >^ftS^»©^7 

ttnttswtraisstiiTan^ mm 

5?14^E' , ii^tt^E" , Tan^EVE' ) 
20-400'C, ^e>tC»^b<ti2 00-37 O'C, 



u 

^^1<«2 5 0-3 5 0"C-C*^ X^ZW&U 

&&12 0 -c*Mrw:, y a ^ A*/cttix- htt(c«fi 

#fiC3fctf>#*0<ftir>. ft*>\ **Ka>fta^»* 
(a) tt. Wttf, fftftttKiKX'** b 
JMCJroT. 1 7 2 5-1 735 cm-'OMfclStite 
(DJifrX-fr (C = 0) ©K4X*<fc*«:a:i3fiH8'C#, * 
/c. Saa^WX'** hJb OH-NMR) «c<fcO, 

5. 4-6. 9ppm(DC = Cr»J^fM^ 

T#£ 0 Sm^*CD^0iIU#{4 (a) CDSU^ 

-50, 9 — 3. 0 p pmCD^P h><D®ilXi 5. 4 — 

6 . 9 p P m<oc = c rm&^<Dm&Br?-m&&<D y u 
[0030] u 7 * >jfe£M^{*&c«:. 

2. 6-^- t -zT^h- 4-M3-)l>7 *y-)\, x 4. 
4' -^^b*^- (6 - t ~-mi,-3-jt*fr7xS 
-fo) . 1. r -^(4-bKo+i/7 ;c -W$/ 
^n-M^> % 2. 2* -y^u>t*x (4-x^;l/- 
6- t-^^y^^-;U) , 2. 5-^-t-^^;U 
fcKn^y>, ^>^xyxy^-f h^tx [3- 
(3. 5-^-t-^-4-tKPt^7*^b) 

itiWihSiisetc. b yx (4-y h^^-3. 5-^^ 

*x;i,) *x:7W K h yx (s~j\,y &x 
^r>fh t hy* (2, 4 -Zs- t-7?>ly *^)\,) 
**yyA b 

(2, 6-^- t -^^;U-4-^^;U^^r.;U) 

^>^yx h-ii/^^x^r -r h 

t^* (2. 4->>- t -7?jUy -<>£xy X 

y f -^*x y 7 bta £(o y >mm<tffi±ffl*mm 

^&j»iftfc4>ft< <h fc 1 «©^K©«ffc!», ft 6Cttc 
[0 03 2] ±fB»£#4 Ittt, ±E*»9i©«tt* 

f-^-CRHtSCtt lfcfe©iSp ItSIaW K#J1 

[ 0 0 3 3 ] itc % *«W<08*R*U7 * >JRftJt^» 
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#5 ^P^»Kbfcas*^l6ft1td<*3ftW6h4. 
[0 034] 3 _tIB«£ft<fcLTtt % 

Si. Al, TK Zrftdf©r^3— JUtt, TV 

5>>^>, hyyh^>7i^x-i;A t hyxh+^T 
;U*x^a. f h7ih + t/f^> 4 fh7xF^>t/ 
^3>ft^*jB?Ktt«r«^«(c. Sn, Ti. Zr, 
10 Y. A 1 ftlfOft^fM. ^HCL HFftdfO«BK*ffl 

*5CCn6IS&Wl OOnmKT, ffJKKl 0 

[003 5] *«W©ja^*CC*5t»r. ±E3dK»{fc«J 
<DI2^Stt. **I8©3B*K*U7 ^ 1 0 0 

MMSRCfcfU iiS. 3 — 5 0M35. #*0<tt5~ 
3 OMSSBT&So 
20 [0036 ] s&HBOiRR* ^ >1R^S^» <*fc 

T^>, T^F, J^ft^^«^6««*ifci8«l«c 

ffbttbttC«Mft]IK3«ft^&. 
SM^f* &y a ^a, hCcjsEJB • Jraxf 

30 ^cHt^„ 

[003 7] *JH8©«K*l/7 ^ >^*S^ft:. ^>^S 

**&citt*^-ttfti*©?sttx* 
-Mfc^»ft^o»aBw, mms&uw&<ofemm. 

T«, iftS**2 5 0 nm-4 5 0 nmWffll»6ti 

40 l-300^^ e 

[0 038] *§m<DmtK* 1/7 ^ 

A. «g^*Jk ttfi«7^A, «?B3IStt7-fJb 
A. OHP7^A, ftrrAT.*?. fcr^K U> 
Xfti^gP Q a D (^«f4) . «7VA. 5 6CCES^ 
^ v S8ft£«:6fl!l»6ti£. 
[0039] ft*j % **IS<D«tt* -r >jfi*fi^<* 



13 

m m&#<D7kmim*m\ (ft) m<s& m^t. 
nmm 1-2926 o^m. ftrnvse 0 - 1 6 8 7 

On$M. #g§036 O-2 6O24-Sf&$L &&l¥2 - 
5 15 11 1 - 1 3 2 6 2 5^?R. ^ 

gg^l- 1 32 6 2 6^18, <8g8¥4-202404 
#H§¥4 - 6 3 8 0 7^^ ^¥8 - 1 9 
89 19^&#S, Mf9-5 08649^, «S 
¥1 1-505 8 8 0 1 -29 26 0 

u «ftfcw*tt. 7fe^#i4 (s«tt. &wm 

[ 0 0 4 0 ] c ©J: 9 MgiHtt&ttflmKttr) 
•c, *»wawtt*u7 * >^ftm^#<Lffe<D (ft) m 

(ft) s^ftoasL w&©«*hl 

<«10-90MI%, 3 60Cjff*U<«\ 2 0-8 0 
[004 1 ] CCDcfc 5 UK mtt^mtiMKX. » O 

6 fe. *JW©8tt*U7 ^ >JfcftS:^(* 

[0042] 

ft. Hff*. ^/7Xggfig, aUK3Effitt. « 

[0043] ( i ) mm^^m. : -> 

*£-X (VOTERS) ttR 1 5 0 CfWvr-TX-^ g 

>^D7^77^ - (gpc) larxv- (**) H 

UT, 1 2 0'C-CSiJ^b/c o »6*ifc5mK*. 

(2) ASTM-D 1 0 0 3«C«*U 

SLfe 

(3) TanS<Dt:-*&g <#vX*»»ft) : ttB9 

JtE'TE'-Tantf) ^©iaft^f&Ob*-^ 
aCEtt* U*^^a>DDV-0 1FP (^Ui>f 
•C/». «Kr-FWH». Wli^2. 5 urn 
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(4) ISKSH&SC TMA (Thermal Mechanical Ana 
lysis) /S56100 {M4^-4Zss\V)\s*ls rttSS) Z 
Jfit^T. Kff 1 0 0 // m. 013 mm, fi£ 10c m<E>IS 

( 5 ) SR*^ : 2 3 "CKDtK^K: 2 4B$HSiR3ttft:& 
10 (6 ) «»tt • : lOcmXIOc m<E>l*g&)tK: 

fc«fc»K lmmximm©i«B^10lxl0ft » 

[0044)^1 CT^U>H12- 

5 0 0ml <Dff JBE2; ^ g^fiMT-C 5 - fc 

FO+^^^U-2 ->OU3jOl/*> 50 & (0. 4 0 
20 3mol) iT^'J^P^-f F39. 2ml (0. 48 
3mol) *£{fc-**U>3 7 OmlCCflnx.. ^e^Ch'M 
^;UT^> 8 4. 3ml (0. 6 0 5mol) fcftl*.* 2 
5*Cr3B$raKJ££tffc. c<Dg. £K*»iRfc:*£Sf. 

r^**[3-(3. 5-J/-t-^;l/-4-bFP 
^V?*-^) ?:7 5m#ttlUt5 5 

30 [0045]»1 (2 ->^MOI/*>£T* U^K 

2 - ( 5 - y;HK;U*ijW) ^ ^;UOft*^(*<D^3 

3 0 0ml ©»EE^>fca*»HaTr*»5 ppm© h 
;bx>^100ml, 2 - y;l/7K;U^>9 Orrniol. % T 

^{±iA^ % «SF-{tT>^ J E:>K <HSbFr)^*^> 
^^^r;l/ (Ni(oct) 2 ) ^-3 0Wm SJ£$ii:/c 
9tf£*9*>Wt-ytr>l' (HSbF,/Ni(oct), =l.2*JU 
tk) ^r0.04mg^SNi. E7 vikWlM • 

if{*0. 3 6mmo1. h U X ^l/T^U 5 A0.40mmol. 

40 ojBfcasanur. 3 o-c-c2Bm s^^fo/c e ±ib 

m 1 *8S»nLr % - 6 0 'C- 3 0 ^Si^^ ii/c^, *6 

oomiccAn, inn* »s&mux % ^m^^m^ 

y-;H f ooom 1 (rCXtxxmmL. ^Sfc^fi**^!^* 

u M^M8ox, lo^fasur, afe^ 

4.7^ *mc 0 *««KOft«^#^<D»k*« 4 6 % 

[0046] ftm^<*<E>#tfr : 
50 • ftfi^{*<30Mfi£ 
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2 7 0NHz, 1 H - N M Rtlf? >M 

y^S2- (5 -y;U#;U*x;U) ^^KtefcTScH 
^CH-co-o-S&StDCH, = ;/n h>5. 4-6. 5p 
pm^67^ »;;i^2 - (5 --/rt<<jOi/*x;i,) s^^ttC 

CH-^CD5. 0-5. 3ppmC0^P h>«H^$n^ 

1 {CzS"J\ 10 

• 1$ScD5eI4##t : ^if-KiRX^* h^TCH =ch-c 
0-0-frtJ:£l ,7 2 Tcm^cOx^r'^SCDl^PRilXi 
C = CK<fc£l ,6 3 Bon^^lfttKiR^tSS'J^n/c. 

$¥fctf}^»*io8. ooo, M¥£*5H^:lte233, ooor 

•£3fc$Si®^ : il£ 1 0 0 um<D7 * ;UA£flH>T8»J 20 
[0047] 

5fc2&^(Dm$ 1 0 0 um0+tX by ^;UA«h;l/^> 
CC2 5 # C-C?g»0/Co CCD^^;UA(C5 0 0WCD^BE7k 

h7^^-^ut3 O'er 

SSOib*-^^3 1 4. 366. 405, 436nm 
<D$H9\&Z3 0#flSJ*T££, 7 ^;UA&£2 5'C<Dh^ 
X>Cc;ftg<h&o/c 0 
[0 04 8 ] HS£t?!l2 

7*';;l^2- (5 y^;KD«;^>0 30 
Cc\ y^^U^3- (8-fh7S/^D [4. 4. 
0. I 1 - 5 . I 710 . ] FfMzx^) 

Jm3- [4. 4. o. r s . I 7 

^H-NMR^e, 9. 5mo)%~C#>ofc 0 GPC 

cc j:^>^^T-fi« 1 1 3,000. ma^^s 

«226,000r*^c o SS&fcfl&Jl i[nI»«SI^C3D 
JiIf}K:J:9> 2 5 # COhJl/x>cc±<^g^7^;i,A<h 40 
tc-otc. <>7 F^l^ft 1 0 0 
msa^/cO. 0. 5mSSP^ft]Lrf^c7^;l/A^9 
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o°c, i sftmMmrzt, 25°a b>i*>ic±<* 

[0 04 9 ]HJ£#I3 

^^^y;l/K3- (8-fh7->^D [4. 4. 0. 1 
I 7 ' 10 . ] K-r-fex^) ^^;H OmmoKDft^O 
JZ?V)\/M3- (8 -7- h^>^P [4. 4. 

0. l 2 -\ l 7 ". ] F^-fex^) ^JU5rrmol, 5 
- h >;x h^^->i;;i/-2 -^;i/^;i/^>5nmoi^fflli 

[4. 4. 0. I 7 - 10 . ] Kft^;Mf;WC 

ri ,3 8 9 cm-^-S i - 0 -CH, CH, S<D;fiSCH <D 
mSLtl ,2 9 4an- 1 CD^;U^l/^>#t§CCi:^-CH- 
<D0RjR<DtB^JtCO^S^63jcfi?), 4. 5^rJU%r^o 
/c 0 C <DftS^f*<D£*^fl^M«: 1 0 9,000, m 

g^^s«2 14,00 o^^/c, mmm 1 ii^i 

«fofc. ^CD^^;i/A«2 5'C0[>h;Ux>tC^<, ^ 
i£TC&-?/c 0 C<D7 ^^A^5fe^t®^9 1 %-C$> 
o/c„ T^Sx^ACDfHJgt-r^ h-CfciOgtT^^P^^ 

[0050] mmmi 

jt^)V • x^f>4 0 Om l *r^';#ti^ (jp* 

Sgl2nm, Jta®a4 0 0m\ 
/imGl/m 7 ) , ^/c'iT^S^ST- (¥MS2 0n 
m. J±*MSl 5 0m 2 ) £r-£n-eftl OOg^Lt 
50 goy ^^n-f^^^s^ (^ntrju) MM 

1. 5 gor>^7K^u-Y>^»n^T, 2B$r H i, itrr 

T2 0 0ml£&&5feU h^x>2 0 Om 1 ZmiMLtc. 
C<D<k CC Ltf#/c^tt©3P 20U~> V XStclt 

fia5^h;ux>^ifir^or, mmu^itLtcm 

WL*ntc. *:<D$g&** + * V OT, #j10 0m 

m<D:7 <r JUA£f#/c 0 W^itLtcy < JUAfc^O^tit 

istcy a ji>A<Dtmmzm i k^-To 

[005 1 ] 

[*i ] 
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17 18 





(SO 




(ppm/"C) 




9 0 


mm 


6 0 




9 0 


t» 


5 5 




9 0 


mm 


62 




9 0 


*m 


5 7 | 


^b, -*^«(* 
xfi 3 o^m^ 
go 


9 1 


mm 


6 5 



[0052m 

ftMUKX'** h;l/"C«, CH, =ch-co-o-cc 
1 , 7 2 7 c m- 1 <DWttKflX3& 5 Ha , JS.tifc. COS 

2 . 8 *fr%V$> o fco K^ttoa^^Stt 3 9 . 
0 0 0, ll?i^ili6 6, OOOt^o/c. Hft 

[0 05 3 ] lt«M 1 
JlJfeWl^r, 2 -^;MOl/*>9 Orrmoh T£ l/JUK 
2- (5 y OmmolCDK^^ 
CC, 2 -y;l/tfOU*>9 3mmol, 5 -x^ 1 'j 2 - 



s ftm^f* 7 . 6 g zmc GPctc<t sa^p^^att 

9 8,000. llWWBt 1 98,00 0t'*o 
fc. £gs&0U £PHifc: 1 0 0 um<D7 -r/l'A&f&ftU 

[0054] 

[02] HifcW 1 r»6tifc*«^»©lft51-»iR^^^ 



[02] 
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mi) 



1 


If 


1 1 « » ■ 1 1 ■« I ■ — ■ 1 ■ ' » » 1 » 1 ' ' 1 ' ■ ' 1 1 ■ ' • ■» 1 ■ • 1 ■■■ 1 » » -*—> — J ■ » 1 ■ 1 1 ' 



(51) Int. a. 7 
C 0 8 L 
G02B 



45/00 
1/04 



F I 
C 0 8 L 
GO 2 B 



45/00 
1/04 



F £ — 43002 BBOU BB201 CE001 0E096 
DE136 DE146 D3016 FB086 
FD070 GP00 
43100 AA01R AP16R ARUQ AR25P 
BA10P BA21P BA77Q BBOOQ 
BC08P BC08Q CA04 CA05 
CA23 DA22 CA36 D\62 3A32 



